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ORIGINAL  ARTICLES 


THE    BEARING    OF    ANTITYPHOID    VACCINATION    ON    THE 

DIAGNOSTIC  VALUE   OF  THE  AGGLUTINATION  TEST  IN 

TYPHOID   AND   PARATYPHOID   FEVER 

By  Major  E.  Rist,  French  Army  Medicai,  Corps. 


THAT  the  inoculation  of  typhoid  vaccine  causes  specific  agglutinating  prop- 
erties to  appear  in  the  blood  of  the  normal  individual  is  a  very  well  known 
fact      It  is  even  assumed  that  the  degree  and  duration  of  those  properties  can, 
10  a  certain  extent,  be  relied  upon  to  ascertain  whether  the  vaccinated  mdivid- 
ual  is  really  immune,  or,  having  been  immune,  continues  to  be  so.     To  many 
medical  men,  however,  such  an  assumption  will  appear  too  far  reachuig.     Even 
in  the  earlier  days  of  his  discovery,  Widal  had   repeatedly   shown  that  agglu- 
tinating  properties  are  not   immunity   reactions   and   must   be   caretully   distin- 
guished from  them.     Moreover,  the  serum  of  an  individual  who  has  previously 
had  genuine  typhoid,   does  not,  as  a  rule,   exhibit  any  agglutinative  properties 
after  a  year  or  two  have  elapsed,  unless  he  happens  to  remain  a  permanent  car- 
rier ;  and  yet  the  strongest  and  most  durable  power  of  immunity  is  the  one  pro- 
cured bv  a  previous  attack  of  the  disease.     Nevertheless,  agglutination  certainly 
indicates  that  inoculation  has  taken  place  and  has  provoked  some  kind  ol  body 
reaction;  and,  as  we  have  no  better  means  of  ascertaining  it,  the  complement- 
fixation  test  being,  as  far  as  this  problem   is  concerned,  no  more   reliable,   we 
have  to  make  use  of  it,  although  with  due  regard  to  its  only  relative  value. 

Now  the  fact  that  the  serum  of  a  previously  vaccinated  individual  agglu- 
linates  B.  typhosa  must  evidently  impair  the  diagnostic  significance  of  the 
Widal  method,  and  the  question  arises:  if  a  patient  who  has  been  previously 
vaccinated  exhibits  clinical  symptoms  pointing  to  the  possibility  of  typhoid,  are 
we  in  a  position  to  make  an  accurate  diagnosis  by  using  the  agglutination  test? 
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U  he  does  not  agglutinate,   is   typhoid  to  be  excluded?     If  he  does,   have  we 
any  means  to  prove  whether  the  positive  Widal  is  due  to  actual  infection  or  to 
his  having  been  vaccinated?     It  has  been  generally  assumed  that  the  study  of 
the  agglutination  titer  enables  us  to  do  this.     In  consequence,  at  least  two  con- 
secutive quantitative  tests  should  be  made  at  an  interval  of  some  days.     Many 
elaborate  devices  have  been  proposed  in  order  to  facilitate  the  quantitative  es- 
tnnation    of    the    agglutinative   power  and   to    render   it  more   accurate.      The 
Dreyer-W'alker  method  to  this  efifect  has  even  been  standardized  in  the  British 
A.  M.  C.  and  has  been  extensively  used  in  the  British  Army.     Unfortunately 
when  it  comes  to   appreciating  the  behavior  of   the  agglutination  titer  and   to 
define  the  characteristics  which  belong  to  the  vaccinated-infected  type  as  dis- 
tinguished  from  the  vaccinated-noninfected,  there  is  no   consensus  of   opinion. 
Some   workers  give   the    foremost  importance   to    chronological    considerations, 
namely  to  the  earlier  or  later  appearance  of  the  agglutinative  property  or  to  the 
rapidity  of  increase  of  its  titer;  others  concern  themselves  with   the   absolute 
value  of  the  titer.     All,  more  or  less  reluctantly,   agree  to   say  that  there  are 
difficult  cases  and  even  cases  when  the  diagnosis  based  solely  upon  agglutina- 
tion is  impossible.     But  they   regard  those  cases   as   exception,   which,   on   the 
whole,  do  not  impair  the  value  of  the  agglutination  test. 

This  is  not  the  only  problem  raised  by  antityphoid  vaccination.  We  have 
to  consider  also  whether  previous  vaccination  against  B.  typhosus  affects,  and 
how  it  affects,  the  behavior  of  agglutination  of  B.  paratyphosus  A  or  B  in  in- 
dividuals infected  with  one  of  these  germs.  In  other  words,  does  the  test 
enable  us  to  make  a  correct  diagnosis  of  paratyphoid  A  or  B  in  a  patient  who 
has  been  previously  vaccinated  against  B.  typhosus?  This  question  has  also 
been  generally  answered  in  a  positive  way.  One  admits  that,  whether  the  indi- 
vidual has  been  previously  vaccinated  or  not,  his  agglutination  titer  will  be 
higher  with  the  germ  responsible  for  his  actual  infection  than  with  B.  typhosus 
On  this  matter  also,  it  is  generally  conceded,  however,  that  there  are  difficult 
cases,  that  sometimes  even  one  may  be  misled  by  the  agglutination  test.  Cau- 
aon  IS  therefore  recommended.  But  on  what  principles  this  caution  should 
rest  IS  never  clearly  stated. 

In  the  rather  abundant  literature  relating  to  these  problems,  I  have  not 
been  able  to  find  out  the  ground  for  the  assumptions  made  that  (1)  there  is  a 
specific  difference  in  the  behavior  of  the  agglutination  titer  in  vaccinated  and 
nonvaccinated  individuals  and  that  (2)  the  diagnostic  value  of  agglutination  of 
b.  paratyphoid  A  or  B  remains  practically  unimpaired  by  previous  antitvphoid 
vaccination.  There  are,  as  a  matter  of  fact,  a  priori  assumptions,  which  mdeed 
seem  pretty  logical  and  natural  at  first  view,  but  which  nevertheless  must  be 

Tf^^.T'f^'i  '""^  '''''^  ^'^''''  '^'^  ^^"  be  admitted.  The  assumption 
that  the  difficult  and  misleading  cases  are  exceptional  does  not  rest  on  a  sounder 
basis,  the  only  sound  basis  in  the  matter  being  a  numerical  one. 

The  percentage  of  doubtful  and  mistaken  diagnoses— controlled  by  blood 
culture—must  be  ascertained  accurately  before  we  can  appreciate  correctly  the 
practical  value  of  the  agglutination  test.  Only  a  very  low  percentage  would 
leave  it  unimpaired  for  practical  purposes. 

I  must  confess  that  when  I  was  entrusted,  early  in  1915,  with  the  typhoid 
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department  of  the  French  mihtary  hospital  No.  15,  in  the  6th  Army,  I  myself 
shared  most  of  the  a  priori  assumptions  which  have  just  been  alluded  to.  But 
I  determined  to  control  them  as  extensively  as  possible,  and  I  propose  to  give 
here  a  short  account  of  my  control  researches.^ 

During  the  whole  period  of  my  typhoid  work  (February,  1915-July,  1916) 
the  French  Army  was  being  vaccinated  against  B.  typhosus  only,  the  vaccine 
used  being  of  the  Vincent  type  (culture  killed  by  ether)  and  four  injections  at 
a  week's  interval  being  required  for  a  complete  vaccination.  The  inoculations 
with  triple  vaccine  (B.  typhosus  and  BB.  paratyphosus  A  and  B)  have  been  m- 
itiated  much  later. 

Blood  culture  was  the  routine  method  of  diagnosis  in  my  department,  being 
performed  in  each  separate  case,  and  giving  an  average  of  75  p.  100  positive 
results.  The  organisms  cultivated  from  the  blood  were  differentiated  on  the 
various  sugars  and  on  neutralized,  doubtful  strains  being  further  tested  with 
high  agglutinating  specific  sera  prepared  by  the  Pasteur  Institute. 

Whether  the  blood  culture  was  positive  or  not,  the  serum  of  each  patient 
was  tested  for  its  agglutinating  power  with  every  one  of  the  three  germs,  B. 
typhosus,  B.  paratyphosus  A,  and  B.  paratyphosus  B.  This  threefold  quantita- 
tive test  was  repeated  every  second  day  during  the  whole  course  of  the  disease 
and,  in  many  cases,  during  convalescence.  The  quantitative  rates  of  agglutina- 
tion were  plotted  on  the  temperature  chart,  enabling  us  to  have  a  clear  view 
of  the  behavior  of  both  agglutination  and  coagglutination  in  each  case. 

The  method  used  was  the  microscopic  one,  with  a  twenty-four  hour  old 
broth  culture  of  a  standard  not  spontaneously  agglutinating  germ.  The  dilu- 
tion began  with  1 :50  and  went  up  to  1 :100,  1 :200,  1 :300  and  so  on  until  a 
dilution  was  found  with  which  no  clots  of  bacilli  could  be  seen.  If,  for  in- 
stance, clots  were  still  distinguishable  at  1  :800  but  disappeared  at  1 :900,  the 
agglutination  titer  was  plotted  at  800. 

My  aim  was:  (1)  to  make  a  careful  study  of  the  agglutination  curves  in 
all  cases  where  the  blood  culture  was  positive,  in  order  to  see  if  a  clue  could 
be  obtained  for  interpreting  diagnostically  the  same  curves  in  patients  having  a 
repeatedly  negative  blood  culture  but  exhibiting  clinical  evidence  of  typhoid, 
(2)  to  study  furthermore  the  behavior  of  agglutination  in  a  number  of  evi- 
dently nontyphoid  patients  who  had  been  previously  vaccinated  against 
B.  typhosus. 

The  total  number  of  quantitative  tests  thus  performed  from  February  to 
November,  1915,  amounted  to  11,648. 

I.       NONTYPHOID   CASES. 

Out  of  128  positively  nontyi.hoid  cases,  previously  vaccinated,  94  had  a 
positive  Widal  (76.5  p.  100). 

^^o;  n,ore  detailed  statement  and  tal.uhuinn  of  =«''  '"--y-j'-^l.^^^^^V"'  '"'"''"'  ""  '''  '''''' 
rtu  des  sur   l-ievrc  Typhoide,  I,   Annales  de   Medee.ne,  n.,   .4.,S/.    ianu,u>.    lyio. 
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Table  I. 


No.  of  cases 

Out  of  which 
agglutinated 

Angina,  acute  pharyngitis 

8 

7 

Hypertrophic  rhinitis,  coryza 

15 

13 

Atrophic  rhinitis 

1 

1 

Acute  laryngitis 

3 

2 

Maxillary  sinusitis 

1 

1 

Pneumonia 

13 

9 

Pulmonary  tuberculosis 

3 

2 

Peritoneal  tuberculosis 

2 

1 

Meningeal  tuberculosis 

1 

0 

Pleural  effusion  (tuberc.) 

4 

3 

Pleuritis   (without  effusion) 

1 

1 

Angor    pectoris 

1 

0 

Mitral  stenosis 

1 

1 

Acute  rheumatic    fever 

4 

4 

with  valvular  involument 

Erj^thema  nodosum 

1 

1 

Lumbago 

1 

1 

Constipation 

9 

7 

Simple   diarrhea 

12 

10 

Dysenteric   diarrhea 

5 

4 

Amoebic  dysentery 

2 

1 

Acute  appendicitis 

6 

6 

Duodenal  ulcer 

1 

1 

Colitis                                         ^ 

1 

1 

Dyspepsia 

1 

1 

Hernia 

1 

0 

Hemorrhagic  jaundice 

4 

2 

Gall  stones 

1 

0 

Malaria 

11. 

4 

Ephemereal   fever  of  undetermined 

origin         3 

2. 

Malta  fever 

2 

1 

Trigeminal  neuralgia 

1 

0 

Shell  shock 

2 

•      1 

Fatigue 

6 

6 

In  a  majority  of  cases,  B.  typhosus  alone  was  agglutinated;  but  there  was 
also  a  certain  amount  of  coagglutination ;  and,  in  a  few  instances,  one  of  the 
paratyphoid  germs  was  agglutinated  alone : 


Table  II. 

b.  typhosus  alone 

70    cases 

b.  typh.  and  para.  A  plus  para.  B 

2 

b.  typh.  plus  para.  A 

13 

b.  typh.  plus  para.  B 

5 

b.  para.  A  alone 

2 

b.  para.  B  alone 

2 

The  maximum  agglutination  titer  for  B.  typhosus  has  varied  from  50  to 
1500.  I  have  tabulated  the  percentage  of  titer  in  those  nontyphoid  patients  to 
compare  with  the  same  percentage  among  my  nonvaccinated  and  my  vaccinated 
typhoid  patients  (See  Table  III). 

The  low  titers  are  more  frequent  in  the  first  group,  the  high  titers  in  the 
second  and  third  groups.  But  the  difference  is  evidently  not  striking  enough 
to  have  the  slightest  diagnostical  value.     Nor  has  the  titer  remained   constant 
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Table 

III. 

Agglutination 

Nontyphoid    (90) 

Typhoid 

:i9) 

Typhoid    {27) 

titer 

(vaccinated) 

nonvaccin 

atcd 

vaccinated 

50 

18.8% 

0 

2.7% 

100 

16.6 

10  5 

3.7 

200 

21.1 

5.2- 

11.1 

300 

13.3 

10.5 

18.5 

400 

10 

21 

0 

500 

8.8 

15.7 

i.7 

600 

3.3 

5.2 

11.1 

700 

1.1 

0 

11.1 

800 

2.2 

5.2 

0 

900  and  over 

4.4 

26.3 

37.7 

during  the  course  of  observation  in  every  nontyphoid  case.  One  patient,  for 
instance,  was  admitted  with  rheumatic  fever  and  valvular  endocarditis,  tem- 
perature 38.8°  C.  on  admission.  He  was  put  on  sodium  salicylate;  his  tem- 
perature went  down  to  36.6°  on  the  fifth  day  after  admission  and  continued 
normal,  the  pain  and  swelling  of  the  joints  disappearing  rapidly.  Agglutination 
titer:  first  day,  500;  third  500;  fifth  700;  7th  700;  9th  1,000;  11th  1,000;  13th 
1,300;  15th  1,500.  In  a  case  of  pneumonia  the  agglutination  titer  rose  from 
300  on  the  day  of  the  critical  fall  of  temperature  to  700,  10  days  later,  when  the 
patient  was  fully  convalescent.  In  a  case  of  acute  rhinitis  with  laryngitis  (tem- 
perature normal)  the  agglutination  titer  rose  within  19  days  from  200  to  1,000. 

It  really  seems  as  if  any  disease  were  capable  of  temporarily  increasing  the 
agglutinative  power  in  previously  vaccinated  people,  or  of  reviving  it  after  it 
has  disappeared.  In  a  case  of  pneumonia,  for  instance,  the  agglutination  test 
proved  negative  at  a  1 :50  dilution  on  the  1st  and  3rd  days,  whereas,  on  the  5th 
day  a  titer  of  100  was  found,  which  ultimately  rose  to  300. 

So  far  we  know  only  of  one  disease  which,  instead  of  increasing  or 
leaving  unimpaired  the  agglutinative  properties  of  indivTHuals  vaccinated 
against  typhoid,  causes  them  to  disappear  temporarily.  It  is  very  significant 
that  this  singular  disease  should  be  measles.  This  interesting  exception,  which 
so  curiously  confirms  the  well  known  anergic  influence  of  measles  as  regards 
tuberculous  reactions  and  Jennerian  revaccination  has  been  demonstrated  for 
the  first  time  by  Leon  Bernard  and  Paraf  in  1915. 

To  return  to  our  subject,  I  may  add  it  matters  little  whether  the  patient 
has  been  vaccinated  recently  or  a  long  time,  whether  he  has  received  the  full 
dose  of  vaccine  or  one  injection  only.  I  tabulate  iiere  some  cases  which  show 
this  very  clearly : 


TahlK  IV. 

Time  cla])scd 

No.  of 

Agglutinative 

Disease 

since  vaccination 

inoculations 

titer 

Rheumatic  fever 

5  months 

1 

600 

Malaria 

10  months 

7 

0 

Amoehic  liver  aliscess 

5  months 

1 

400 

Tonsillitis 

7  montlis 

•1 

300 

Laryngitis  catarrli 

10  days 

,  2 

100 

Tonsillitis 

26  months 

S 

100 

Sini|)ic  fliarrhcTi 

25  months 

5 

200 
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I  think  the  facts  and  figures  given  in  this  section  justify  the  conclusion 
that,  in  individuals  previously  vaccinated  against  B.  typhosus,  the  value  of  the 
agglutination  test,  in  order  to  ascertain  whether  they  are  infected  with  typhoid 
or  not,  is  absolutely  nil.  No  caution,  no  niceties  of  technic,  no  careful  consid- 
eration of  titer  or  of  the  behavior  of  curves  are  of  any  avail  whatever. 

II.      CASES   OF    TYPHOID   AND    PARATYPHOID   IN    PREVIOUSLY   VACCINATED 

INDIVIDUALS. 

The  cases  with  positive  blood  culture  which  I  have  studied  are : 

Typhoid  27 

Paratyphoid  A  104 

Paratyphoid   B  35 

Typhoid. — All  my  27  patients  have  given  a  positive  Widal  with  B.  typhosus. 
But  in  several  instances  the  reaction  was  found  negative  during  the  whole  course 
of  actual  fever  and  proved  positive  only  when  or  after  convalescence  was 
reached,  namely,  for  instance,  on  the  39th,  42d,  44th  days.  The  maximum 
titers  have  been  moderately  high,  ranging  from  200  to  1800.  In  one  instance 
ihe  titer  never  went  over  100,  and  in  one  other  instance  over  50. 

Coagglutinations  were  relatively  scarce,  having  been  observed  in  five  cases 
only,  which  I  here  tabulate : 

Table  V. 

Cases  Maximum   agglutination     Maximum   coagglutination 

A  B 

1  1200  300  100 

2  1400  900  0 

3  600  400  0 

4  1400  100  0 

5  1000  500  500 

In  case  No.  2,  the  curves  of  B.  typhosus  and  B.  paratyphosus  A  ran  at 
about  the  same  height  during  the  whole  course  of  the  actual  disease ;  it  was  only 
during  convalescence  that  B.  typhosus  predominated  distinctly. 

In  case  No.  3  the  difference  between  the  level  of  both  curves  was  very 
slight  and  gave  no  definite  impression  of  a  predominance  of  B.  typhosus. 

In  case  No.  5,  B.  paratyphosus  A  and,  later  on,  B.  paratyphosus  B  predom- 
inated very  evidently,  until  finally  the  curve  of  B.  typhosus  took  the  lead. 

Paratyphoid  A.— Out  of  my  104  patients,  12  (11.5  p.  100)  had  a  con- 
stantly negative  test  for  the  three  germs  during  the  whole  course  of  their  dis- 
ease, none  of  them  having  been  discharged  from  my  wards  before  convales- 
cence. 

Not  more  than  two  patients  had  a  positive  test  for  B.  parat.  A  only,  with- 
out any  coagglutination.     The  titer  in  both  cases  was  never  over  100. 

Contrasting  with  this,  41  patients  (39.5  per  100)  had  a  positive  test  for 
B.  typh.  only,  the  titer  being  occasionally  quite  high  (1000,  1700)  and  the  test 
for  parat.  A  remaining  constantly  negative. 
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In  one  case  the  test  was  constantly  negative  for  parat.  A  and  positive  for 
both  parat.  B  and  B.  typh.,  the  latter  predominating.  In  another  case,  the  test 
was  negative  for  B.  typh.  and  positive  for  parat.  A  and  parat.  B,  the  former  pre- 
dominating slightly. 

In  24  instances,  parat.  A  and  B.  typh.,  and,  in  23  instances,  parat.  A,  parat. 
B  and  B.  typh.  were  agglutinated.  Out  of  those  47  cases  there  were  only  4 
in  which  the  parat.  A  titer  constantly  predominated.  In  18  cases  it  ultimately 
predominated,  B.  typh.  or,  to  a  lesser  degree,  parat.  B  having  had  the  lead  at 
the  beginning  of  the  disease.  In  23  cases  B.  typh.  predominated,  namely  con- 
stantly in  17  and  ultimately  in  6.  In  2  cases,  the  curves  were  constantly  inter- 
twining and  crossing  each  other  at  low  level,  so  that  no  definite  predomination 
could  be  made  out. 

It  will  therefore  be  seen  that  out  of  104  paratyphoid  A  infections,  with 
positive  blood  culture,  6  cases  only  had  agglutinating  properties  pointing  clearly 
to  paratyphoid  A  (5.7  p.  100).  In  18  cases  the  reaction  was  misleading  during 
the  greater  part  of  the  course  of  the  disease,  the  evidence  becoming  clearly  in 
favor  of  paratyphoid  A  towards  convalescence  only  (17.3  p.  100).  In  64  cases 
the  reaction  was  constantly  misleading,  the  evidence  being  in  favor  of  B.  typh. 
(61.5  p.  100).  In  2  cases  the  reaction  was  doubtful  all  the  time,  no  germ  hav- 
ing a  decidedly  predominating  titer. 

I  give  here  a  tabulated  resume,  where  A=B  or  A=T  means  that  the  agglu- 
tinating titer  for  parat.  A  was  practically  the  same  as  the  titer  for  parat.  B,  or 
B.  typh.,  and  A>T  means  that  the  agglutination  titer  for  parat.  A  was  distinctly 
higher  than  for  B.  typh. 

Negative   altogether  12  K 

\         T>  \         n^  o   (  14  ^  1  J.4  p.    lUU. 

A^BorA=:T  2  )  ^ 

A  positive  alone   (B  and  T  negat.)  2  [    , ._        .^^ 

A>T  or  A>B  (constantly)  4   (    ^^    ^•'^  P"   ^^■ 

A>T   (ultimately)  18  1 

A>B   (ultimately)  1   J  ' 

T>A   (constantly)  23  1 

T>B   (A  negat.)  1     65  =  62.5  p.  100. 

T  positive  alone   (A  and  B  negat.)  41  J 

Paratyphoid  B. — My  35  cases  give  the   following  figures : 

Negative  altogether  0  \    5^^^,  ^^    ^^^ 

B  positive   alone    (T   and   A.   negat.)  ^  i    S 14  ?  n    100 

B>T   (constantly)  5  j       ~ 

I   7  =  20  p.  100. 


B>T   (ultimately)  7 

B>A  0 


T     B   (constantly)  5 

T     B   (ultimately)  1 

T  and  A  positive  (B  negat.)  1 

T  positive  alone  (B  and  A  negat.)  11 


100. 


gi 


1 18  =  51.4  p. 

In  the  paratyphoid  B  cases,  therefore,  the  agglutination  test  was  unable  to 
ive  any  information  whatsoever  in  14.2  p.  100  of  the  cases.     It  gave  early  ac- 
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curate  information  in   14.2   p.   100,   was  misleading  at  the  beginning  and   ulti- 
mately correct  in  20  p.  100,  and  altogether  misleading  in  51.4  p.  100. 

If  we  now  sum  up  all  our  166  previously  vaccinated  typhoid  and  para- 
typhoid cases,  we  get  the  following  figures : 

Test  negative  or   uninterpretable  18  (10.8  per  100) 

Test  altogether  misleading  85  (51.2     "     100) 

Test  first  misleading,   ultimately  correct  25  (15.1     "     100) 

Test  altogether  correct  38  (22.8     "     100) 

It  is  therefore  evident  that,  in  vaccinated  patients,  the  chances  are  for  the 
agglutination  test  leading  to  error,  however  minute  the  technic,  however  nu- 
merous the  tests.  It  is  a  remarkable  thing — but  not  unexpected — that  the  er- 
ror is  always  in  one  direction  only :  it  causes  us  to  mistake  paratyphoid  for 
typhoid,  but  never  (as  far  as  my  experience  goes)  typhoid  for  paratyphoid. 
We  may  accordingly  pretty  confidently  assume  the  diagnosis  of  paratyphoid  A 
or  B  to  be  correct  whenever  the  agglutination  titer  of  one  or  the  other  pre- 
dominates clearly  and  constantly  during  the  course  of  the  disease.  However, 
we  have  seen  how  seldom  this  occurs  (5.7  p.  100  of  the  parat.  A,  14.2  p.  100  of 
the  parat.  B  cases). 

On  the  other  hand,  if  B.  typhosus  only  is  agglutinated  or  if  its  agglutination 
titer  predominates — and  this  is  by  far  the  more  frequent  case — no  conclusion 
whatever  can  be  drawn  from  the  fact.  Out  of  99  charts  where  the  curve  of 
B.  typhosus  permanently  predominated,  75  belonged  to  paratyphoid  patients. 
This  would  put  the  probability  of  error  to  75.7  p.  100.  If  we  include  the  cases 
where  the  agglutination  curve  of  B.  typhosus  predominated  during  the  greater 
part  of  the  actual  course  of  the  disease,  to  be  superseded  only  later  on  by  one 
of  the  paratyphoid  curves  (95  cases)  we  get  124  charts  pointing  to  typhoid, 
among  which  100  were  paratyphoid.  This  would  put  the  probability  of  error 
at  the  still  higher  rate  of  80.6  p.  100. 

III.       CASES   OF   TYPHOID   AND   PARATYPHOID   IN    NONVACCINATED    INDIVIDUALS. 

Although  I  can  deal  here  only  with  small  numbers,  I  think  it  is  worth  while 
to  compare  the  figures  obtained  in  the  preceding  section  with  those  expressing 
the  results  of  the  agglutination  test.  In  nonvaccinated  typhoid  and  paratyphoid 
patients,  treated  and  observed  in  the  same  hospital  and  during  the  same  period 
of  time. 

TYPHOID  (22  cases) 

Test  negative  altogether  3 

T  =  AorB  0      3  =  13.6  p.  100. 

T  positive  alone   (A  and  B  negat.)  17  1  ,0      01  o        ^rr. 

T>B   (constantly)  ^  1 18— 81.8  p.  ICO. 

T>A   (ultimately)  1  1 

T>B   (ultimately;  0  j    ^    =4-5  P-  100. 

A  or  B>T   (constantly)  Q 

A>T   (constantly)  0 


ANTITYPHOID   VACCINATION  •    " 

PARATYPHOID    A     (12    CASES ) 

Negative  altogether  4  J  ^  _  ^^     p.  100. 

A  =  B  or  T  2  1 

A  positive  alone  (B  and  T.  negat.)  1  1    ^_    gj  p    iQO. 

A     T  (constantly)  Of 

A>T  or  B   (ultimately)  2  =  16.6  p.  100. 

T    positive    alone    (A    and    B    negat.)  3  =  25  p.  100. 

PARATYPHOID    B    (8   CASES) 

Negative  altogether  2  /    3  —  375  p    iqO. 

B  =  A  1  i 

B  positive  alone  (A  and  T  negat.)  0  |   3  —  375  p    iqO. 

B>T  (constantly)  ^  J 

T     B   (constantly)  J  i  2  =  25     p.  100. 

T  positive  alone   (B  and  A  negat.)  1  ) 

If  we  sum  up  our  42  nonvaccinated  cases,  including  typhoid  and  paratyphoid, 

we  find: 

Test    negative    or    uninterpretable  12  =  28.5  p.  100. 

Test  altogether   misleading  5  =  11.9  p.  100. 

Test   first   misleading,    ultimately    correct  3—    7.1  p.  100. 

Test  altogether  correct  22  =  52.3  p.  100. 

If  we  discard  the  negative  or  uninterpretable  tests,  we  find: 

Test  altogether   misleading  16.6  p.  100. 

Test  first   misleading,   ultimately   correct  10      p.  100. 

Test   altogether   correct  '  73.3  p.  100. 

In  nonvaccinated  patients,  therefore,  the  rate  of  error  is  distinctly  lower 
than  in  vaccinated  patients.  Here  also  the  error  is  in  one  direction  only:  it 
leads  to  mistaking  paratyphoid  for  typhoid,  but  not  to  the  reverse.  Accordingly 
a  constantly  positive  and  predominating  parat.  A  or  B  test  is  a  reliable  argument 
in  favor  of  paratyphoid,  but  it  is  a  rare  occurrence.  On  the  other  hand,  a  con- 
stantly positive  T  test  should  be  considered  with  a  great  deal  of  caution :  out  of 
23   such   curves  5   concerned  paratyphoid  cases.     Thi^  puts  the  probability   of 

error  at  21.7  p.  100.  .     . 

It  is  interesting  to  remark  that  in  nonvaccinated  cases  also,  the  err(n-  is  in 
one  direction  onlv.  It  shows  that  vaccination  against  b.  typhosus  is  n.n  the 
only  responsible  factor  in  increasing  the  agglutinability  of  B.  typhosus  m  the 
blood  of  patients  infected  with  one  of  the  paratyphoid  germs.  Even  in  non- 
vaccinated individuals,  an  infection  with  paratyphoid  seems  to  provoke  a  co- 
agglutinability  for  B.  typhosus  which  may  occasionally  be  of  a  higher  titer  than 
the  specific  agglutinability.  TlvAi  this  natural  tendency  is  considerably  increased 
by  vaccination  is  obvious. 

CONCLUSIONS. 

1.  In  nonvaccinotcd  individuals  the  agglutinrition  test  is  of  the  greatest 
l)ractical  value  for  diagnosing  infection  caused  by  the  bacilli  of  the  typhoid 
group. 
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2.  But,  when  it  comes  to  discriminate  between  the  three  subspecies  be- 
longing- to  that  group,  the  information  given  by  the  Widal  test  should  be  ac- 
cepted with  great  caution.  A  predominance  of  the  agglutination  titer  of 
B.  parat.  A  or  B  speaks  almost  certainly  in  favor  of  paratyphoid  A  or  B.  But 
if  the  agglutination  titer  of  B.  typhosus  predominates,  the  probability  of  the 
disease  being  due  to  B.  typhosus  is  only  73.3  p.  100. 

3.  In  individuals  having  been  previously  vaccinated  against  B.  typhosus,  the 
agglutination  test  is  absolutely  unable  to  confirm  a  clinical  diagnosis  of  typhoid. 
The  behavior  of  the  agglutination  titer  in  vaccinated  typhoid  or  paratyphoid  pa- 
tients is  not  distinguishable  from  the  behavior  of  the  same  titer  in  vaccinated 
individuals  suffering  from  any  other  disease. 

4.  In  a  case  of  clinically  confirmed  typhoid  occurring  in  a  previously  vac- 
cinated individual,  the  agglutination  test  has  a  practical  diagnostic  value  when- 
ever it  shows  a  constant  predominance  of  the  agglutination  titer  for  one  of  the 
paratyphoid  germs.  But  this  is  a  very  rare  finding.  In  the  greater  majority 
of  cases  the  agglutinating  titer  for  B.  typhosus  predominates.  It  has  no  diag- 
nostic value  whatever,  the  probability  of  mistaking  paratyphoid  for  typhoid 
being  75.7  p.  10. 

5.  Blood-culture  is  therefore  the  only  reliable  method  to  ascertain  whether 
a  typhoid  infection  occurring  in  a  vaccinated  individual  is  due  to  B.  typhosus  or 
to  one  of  the  paratyphoid  germs. 


ANTIBODIES  IN  GONOCOCCAL  ARTHRITIS  AFTER  THE  INTRA- 
VENOUS INJECTION  OF  SPECIFIC  AND  NONSPECIFIC 

PROTEIN* 


By  Harry  Culvf,r,  M.D.,  Chicago,  III. 


WHEN  a  suspension  of  bacteria  or  a  pure  protein  solution,  such  as  primary 
or  secondary  proteose,  is  injected  intravenously  into  an  individual,  there 
occurs  a  clinical  reaction  quite  similar  in  every  instance  regardless  of  the  bacteria 
or  protein  solution  used,  once  the  proper  dosage  is  established.  This  reaction 
takes  place  in  a  normal  individual  as  well  as  in  one  suffering  from  infection. 

The  reaction  is  characterized  by  a  chill  of  variable  severity,  coming  on 
usually  within  one  hour  following  the  injection,  coincident  with  which  there  is, 
as  a  rule,  a  marked  decrease  in  leucocytes  in  the  peripheral  circulation,  as  well 
as  a  drop  in  temperature.  This  condition  lasts  for  twenty  to  thirty  minutes,  when 
the  chill  abates  and  the  temperature  of  the  individual  gradually  rises,  reaching 
its  climax  in  four  to  six  hours.  At  this  time  there  is  usually  profuse  perspira- 
tion and  a  considerable  increase  of  leucocytes  in  the  peripheral  circulation.  The 
temperature  and  number  of  leucocytes  in  the  peripheral  circulation  return  to 
normal  in  twenty-four  to  forty-eight  hours. 

These  reactions  have  been  used,  with  success,  in  the  treatment  of  gonococcal 
arthritis,  epididymitis,  and  acute  prostatitis.^  In  some  instances  of  typhoid  fever 
a  critical  fall  of  temperature,  with  rapid  recovery  of  the  patient,  has  been  ob- 
served immediately  following  a  similar  reaction.  This  has  taken  place  both  with 
specific  typhoid  organisms  and  with  nonspecific  substances  like  colon  bacilli  and 
proteose  solutions.  Equally  striking  results  have  been  seen  in  obscure  respiratory 
infections  associated  with  remittent  fever. - 

A  pronounced  feature  of  the  action  in  gonococcal  infections  is  that  the  most 
marked  benefit,  both  subjectively  and  objectively,  occurs  within  twenty-four 
hours  following  the  first  injection.  Subsequent  injections  may  cause  some  thera- 
peutic response,  which  is  usually  not  to  be  compared  with  that  following  the 
first  injection. 

That  marked  beneficial  therapeutic  results  follow  the  injections  in  many 
instances  of  gonococcal  infection  there  seems  to  be  no  question.  The  factors 
that  should  be  considered  in  the  mechanism  of  the  improvement  or  recovery 
and  which  have  been  discussed  by  various  investigators,  are  the  production  of 
fever,  peripheral  leucocytosis,  profuse  perspiration,  disturbance  of  the  ferment 
antiferment  balance,  and  the  mobilization  of  fixed  antibodies. 

This  work  was  undertaken  to  determine  if  there  is  a  specific  antibody  re- 
sponse for  gonococci  after  the  injection  of  nonspecific  proteose  solutions  com- 
parable to  that  which  is  ])roduced  by  the  injection  of  killed  gonococci  in  gono- 
coccal arthritis;  also  to  determine  what  place,  if  any,  antibody  production  or 
mobilization,  has  in  the  marked  objective  and  subjective  improvement  seen  in 
cases  of  gonococcal  artliritis  within  24  hours  after  a  protein  reaction. 

Dreyer,  Gibson  and  Walker''  ha\e  found  that  paratyphoid  fever  B  commonly 

*From   the    Deriartniciit    of    Ivxpci  iiiuiil;il    Mtiliiiiu-    I'liivcisity    of    Illinois.    Chicago,    111. 
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causes  a  rise  in  the  typhoid  agglutinin  titer,  frequently  considerable,  while  para- 
typhoid fever  A  causes  a  less  pronounced  increase.  Meyer  and  Christiansen,* 
by  infecting  a  rabbit  with  tuberculosis  noted  that  its  serum  possessed  agglutinin 
for  typhoid  and  the  animal  also  gave  a  good  typhoid  intracutaneous  reaction; 
while  Conradi  and  Bieling^  have  observed  that  any  intercurrent  infection  is  liable 
to  increase  the  typhoid  agglutinin  of  the  serum  of  any  individual  who  has  ever 
had  typhoid  or  been  vaccinated  against  it.  Dunklin,''  working  with  typhoid  im- 
mune rabbits,  noted  an  increase  in  the  agglutinin  for  typhoid  bacilli  in  the  serum 
of  these  animals  after  an  intravenous  injection  of  proteose  solution.  Ludke'' 
on  the  other  hand,  states  that  there  is  no  change  in  the  agglutinin  content  of 
serum  of  typhoid  patients,  for  typhoid  bacilli,  after  the  intravenous  injection  of 
secondary  proteose. 

BulP  found  that  within  twenty-four  hours  after  an  intravenous  injection 
of  killed  typhoid  bacilli  in  normal  and  typhoid  immune  rabbits,  there  is  an 
increase  in  lytic  substances  for  typhoid  bacilli  in  the  serum.  Teague  and  Mc- 
Williams^  repeated  and  extended  Bull's  work  and  conclude  that  the  bacteriolytic 
power  of  the  serum  of  normal  and  immune  rabbits  for  typhoid  bacilli  is  neither 
increased  nor  decreased  by  a  large  intravenous  injection  of  killed  typhoid  bacilli, 
while  the  serum  of  a  rabbit  that  has  received  only  one  or  two  immunizing  in- 
jections shows  a  distinct  but  not  a  great  increase  in  its  bactericidal  power  within 
twenty- four  hours  after  such  an  injection. 

The  opsonins  and  bactericidal  substances  were  studied  in  the  serum  of  six- 
teen patients  suffering  from  gonococcal  arthritis.  An  injection  of  killed  gono- 
cocci  or  proteose  solution  was  given  intravenously  every  seventy-two  to  ninety- 
six  hours  until  three  to  five  injections  had  been  given.  The  serum  was  taken 
for  study  just  before  each  injection.  Ten  of  these  patients  received  successive 
injections  of  proteose  and  six  received  killed  gonococci.  No  marked  difference 
was  seen  in  the  results  of  the  two  groups. 

The  opsonin  content  was  determined  by  the  extinction  method  as  described 
by  Klein."  The  bactericidal  substance  in  the  serum  was  determined  by  the 
dilution  method;  i.e.,  the  bactericidal  titer  of  the  serum  is  represented  by  that 
dilution  of  the  serum  which  causes  an  appreciable  decrease  in  the  number  of 
colonies  upon  plating,  from  the  different  dilutions,  at  successive  intervals,  a 
normal  control  serum  being  always  used  at  the  same  time.  Teague  and  Mc- 
Williams^  and  before  them  Buxton"  concluded  that  the  bactericidal  titer  of  an 
immune  serum  for  typhoid  bacilli  as  determined  by  the  usual  dilution  method, 
with  or  without  the  addition  of  complement,  is  not  an  indication  of  the  bac- 
tericidal power  of  the  blood  plasma  in  vivo.  However,  with  so  delicate  an 
organism  as  the  gonococcus,  this  method  gives  more  regular  and  more  readily 
comparable  results  than  by  the  use  of  a  method  in  which  a  standard  amounr 
of  serum  is  used  for  a  standard  time  in  contact  with  a  known  constant  number 
of  gonococci  and  the  action  of  the  serum  determined  by  plating  at  regular  inter- 
vals. Since  only  three  to  five  successive  injections  were  given  each  patient,  the 
factor  of  a  too  highly  immune  serum  being  developed,  seldom  interfered.  If, 
however,  after  several  successive  injections  it  was  found  that  the  patient's 
serum  would  fail  to  kill  in  concentrated  serum  solution,  but  would  kill  in  less 
concentrated  solutions,  it  was  invariably  found  that  the  killing  zone  had  moved 
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1st  Inj.   2nd  inj.     3rd  in j .   4th  Inj.     18th  day 
4th  day      9th  day   13th  day 

C'liart    1. — Opsonin   curve   after   the   intravenous    injection   of   killed    gonocccci. 


l3t  inj.   2nd  inj. 
4th  day 


3rd  inj.   4th  inj.    18th  day 
9th  day   13th  day 


Chart   2. — Lysin    curve    of    same    serum    as    represented    in    Chart    !. 
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l3t  inj.  3rd  inj.     5th  inj.  36th  day 

7th  day      18th  day 

Chart   3. — Opsonin    curve   after    the    intravenous    injection    of   secondary    proteose. 
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36th   day 
Chart   4. — Lysin   curve   of   the    same   serum   as   represented   in    Chart    3. 
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Chart   5. — Opsonin  curve  of  serum  taken  just   before,   and   24   hours   after,    successive   intravenous   injections 

of  killed   gonococci. 
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9      10     11    12  days 
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Chart   6. — Lysin   curve   of   the   same   sera  as    represented    in    Chart   5. 
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to  a  serum  with  a  greater  dilution  than  before  the  pro-kilHng  zone  developed. 
In  these  instances  the  bactericidal  titer  is  considered  the  highest  dilution  of  the 
killing  zone. 

The  serum  to  be  tested  was  successively  diluted  with  nutrient  broth.  To  a 
standard  amount  of  each  serum  dilution  was  added  a  drop  of  a  standard  sus- 
pension of  gonococci  twenty-four  hours  old.  A  loop  of  material  from  each 
tube  was  plated  at  once  and  serum  mixtures  incubated  at  37°  C.  for  four  hours 
when  a  second  loop  of  material  was  plated  from  each  dilution.    The  plates  were 
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1st        2nd 
Inj.       inj. 
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3rd        4th 
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Chart   7. — Opsonin   curve   of   serum   taken  just  before,   and  24   hours  after,   successive   intravenous   injections 

of  primary   proteose. 
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10      11      12      13  days 
4  th 
inj. 


Chart   8. — Lysin    curve    of    the    same   sera   as    represented    in    Chart    7. 

incubated  for  forty-eight  hours  and  tlien  all  colonies  were  counted  on  each  plate. 
A  comparison  of  these  results  was  then  made  to  determine  the  highest  dilution 
m  the  killing  zone.  It  was  found  at  the  beginning  of  this  work  that  the  fresh 
serum  to  be  tested  was  sufficiently  complemented  to  cause  bacteriolysis  even  in 
the  highest  dilution  1 :64.  Hence  it  was  not  necessary  to  inactivate  and  reactivate 
each  dilution  with  a  known  amount  of  complement. 

Antibody  response  after  injections  of   specific   substances   is   known   to  be 
very  variable  in  different  individuals  and  in  the  same  indixiduai  at  (lilTercnt  times. 
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After  a  careful  study  of  sixteen  patients,  however,  there  was  noted  no  appreci- 
able difference  between  the  antibody  production  following  killed  gonococci  in- 
jections and  proteose  solution  injections.  This  fact  can  best  be  shown  graphically 
in  any  two  cases  as  in  Charts  1,  2,  3,  and  4.  These  charts  clearly  show  the  in- 
crease in  opsonin  and  lysin  of  the  patient's  serum  for  gonococci  after  the  injec- 
tion of  dead  gonococci  and  proteose.^ solutions.  There  is  no  distinguishing  fea- 
ture in  these  curves  by  which  the  injected  material  could  be  recognized.  The 
opsonin  reached  the  highest  point  after  the  injection  of  gonococci,  while  the  lysin 
curve  rises  after  the  injection  of  proteose.  However,  these  conditions  may  be 
reversed  with  any  other  two  cases  similarly  traced.  This  antibody  response  is 
variable  but  present  to  some  degree  in  every  patient  of  the  sixteen  injected, 
whether  the  material  injected  was  specific  gonococci  or  nonspecific  proteose  and 
also  regardless  of  the  therapeutic  response  obtained. 

In  a  second  series  of  six  patients,  three  were  treated  with  injections  of 
killed  gonococci  and  three  with  primary  and  secondary  proteose  solutions,  the 
serum  of  each  being  tested  just  before  and  twenty-four  hours  after  each  injec- 
tion, at  which  time  the  most  pronounced  therapeutic  effect  is  present.  Charts 
5,  6,  7  and  8  show  the  antibody  curves  for  two  typical  cases  and  represent  the 
usual  findings  of  a  slight  increase  in  lytic  substance  following  the  first  injection, 
whether  gonococci  or  proteose  and  a  corresponding  decrease  in  opsonin.  All 
succeeding  injections  cause  either  a  decrease  or  no  change  at  all  in  both  lysin 
and  opsonin  during  the  first  twenty-four  hours  following  the  injections.  An 
unusual  condition  occurred  in  Chart  8  where  there  is  seen  a  moderate  rise  in 
opsonin  within  twenty-four  hours  following  the  third  injection  of  proteose. 

COMMENT. 

By  the  methods  above  outlined  it  was  found  that  both  the  opsonic  and  bac- 
teriolytic titer  of  the  serum  of  patients  suffering  from  gonococcal  arthritis  were 
approximately  normal  or  below  before  any  injections  were  made.  This  has  been 
previously  observed  by  Irons^-  and  others  for  the  opsonin  content  of  serum  from 
these  patients.  He  also  demonstrated  that  spontaneous  fluctuations  in  antibody 
content  occur  in  gonococcal  arthritis  and  that  by  massage  of  the  affected  joints 
or  the  infected  prostate  there  resulted  an  opsonin  increase  not  altogether  unlike 
that  produced  by  an  injection  of  killed  gonococci.  Therefore  any  antibody  change 
which  results  from  an  injection  of  a  substance  which  produces  a  chill  might  well 
be  explained  by  the  motion  of  the  affected  parts  during  the  chill.  Since  the 
curves  regularly  show  an  increase  in  lysin  and  a  decrease  in  opsonin  after  the 
first  injection  and  reaction,  while  each  succeeding  injection  is  usually  followed 
directly  by  an  antibody  decrease  regardless  of  the  intensity  of  the  reaction,  it 
does  not  seem  that  the  joint  motion  has  much  to  do  with  it  here.  The  above 
antibody  changes  occur  in  serum  of  patients  with  acute,  subacute,  or  chronic 
joints  with  no  appreciable  difference  between  these  classifications;  which  might 
be  expected  were  the  antibody  changes  due  entirely  to  motion  of  the  affected 
parts.  Some  sera  have  been  studied  after  a  small  amount  of  protein  was  injected, 
a  large  enough  amount  to  increase  the  leucocytes  and  temperature  but  not  suffi- 
cient to  produce  rigor.  These  injections  were  followed  by  antibody  changes  not 
unlike  those  produced  by  the  more  severe  reactions. 
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SUMMARY. 

Primary  and  secondary  proteose  preparations  stimulate  antibody  production 
or  mobilization  for  specific  organisms  in  gonococcal  arthritis,  in  a  manner  not 
to  be  distinguished  from  that  produced  by  the  injection  of  the  specific  organisms 
themselves. 

In  gonococcal  arthritis,  there  is  either  no  change  or  a  decrease  in  the  anti- 
body content  of  serum  within  the  first  twenty-four  hours  following  an  intra- 
venous injection,  in  all  excepting  the  first  injection  when  the  lytic  substances 
seem  to  be  slightly  increased  during  this  time. 

In  favorable  patients  the  first  injection  usually  causes  the  greatest  clinical 
benefit.  However,  refractory  patients  may  give  a  similar  lysin  increase  during 
the  first  twenty-four  hours  following  an  injection;  hence  the  subjective  and  ob- 
jective improvement  in  favorable  cases  can  not  unquestionably  be  attributed  to 
an  increase  in  antibodies  alone.  However,  little  as  these  substances  may  have  to 
do  with  the  early  reli&f  of  symptoms  in  gonococcal  arthritis,  it  may  be  that  they 
have  considerable  to  do  with  the  final  recovery  from  the  infection  by  their  influ- 
ence upon  the  primary  focus. 

It  would  seem  that  there  is  no  one  particular  factor  which  is  responsible 
for  the  benefit  derived  in  favorable  patients,  but  a  series  of  events  occur,  which, 
when  acting  together  or  in  succession,  tend  toward  the  relief  and  ultimate  re- 
covery of  the  individual  from  the  infection. 
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THE  following  investigation  was  undertaken  as  a  result  of  the  accidental  dis- 
cover}' of  an  unusually  high  ammonia  content  of  the  blood  in  a  male  patient, 
a  chronic  alcoholic,  who  was  sufifering  from  repeated  periodic  attacks  of  nausea 
and  vomiting  of  unknown  etiolog}',  the  attacks  having  commenced  without  any 
apparent  cause.  Although  the  etiolog}'  of  the  vomiting  in  this  case  was  un- 
known, the  fact  that  the  patient,  a  man  fifty  years  of  age,  was  a  chronic  user  of 
whiskey  in  rather  large  amounts  suggested  some  connection  between  this  fact 
and  his  symptoms.  There  was  no  evidence  of  nephritis  or  of  any  other  patho- 
logic lesions  to  explain  his  symptoms.  (This  case  has  elsewhere  been  reported 
in  detail.^) 

During  the  course  of  routine  analyses  of  the  blood  of  this  patient  for  urea, 
an  estimation  of  his  blood  ammonia  was  made,  w'hich  showed  an  ammonia  con- 
tent of  23  mg.  of  ammonia  per  100  c.c.  of  blood.  Suspecting  an  error  in  technic 
as  the  explanation  of  this  high  ammonia  content,  numerous  subsequent  estima- 
tions of  blood  ammonia  were  made  on  different  days,  all  of  which  showed  a 
marked  increase.  These  ammonia  estimations  were  made  after  the  aeration 
method  of  Folin,  using  1/50  N.  sulphuric  acid  to  absorb  the  ammonia  and 
titrating  this  against  1/50  N.  sodium  hydroxide  with  alizarin  as  an  indicator. 
As  a  further  control  on  these  estimations  numerous  similar  estimations  were 
carried  out  on  other  patients  at  the  same  time,  as  well  as  on  seven  normal  indi- 
viduals, and  in  none  of  them  was  any  abnormal  amount  of  blood  ammonia 
demonstrated.  A  reference  to  the  protocol  will  show  that  on  four  subsequent 
occasions  16,  12,  8,  and  3  mg.  of  blood  ammonia  were  found,  while  as  the  con- 
dition of  the  patient  gradually  improved  other  estimations  showed  that  the  excess 
of  blood  ammonia  had  disappeared. 

A  search  of  the  literature  upon  the  subject  of  blood  ammonia  in  normal 
and  diseased  conditions  reveals  comparatively  few  satisfactory  studies.  Since 
the  more  accurate  methods  of  estimating  ammonia  in  the  blood  are  comparatively 
recent,  one  can  accept  only  w^ith  great  reservation  the  observations  made  before 
the  methods  of  Folin  were  introduced.  A  few  apparently  authentic,  isolated  in- 
stances of  increased  blood  ammonia  in  human  beings  have,  however,  been  re- 
ported in  cases  of  acidosis.  In  these  cases,  practically  none  of  which  are  given 
in  sufficient  detail  to  be  of  much  real  value,  it  was  believed  that  the  blood  am- 
monia increase  was  a  compensatory  phenomenon  resulting  from  the  increase  in 
the  acid  radicals  of  the  blood  during  acidosis".  A  number  of  isolated  cases  are 
also  mentioned  in  the  literature  in  which  an  increase  of  blood  ammonia  was 
found  in  association  with  eclampsia,  uremia,  acute  yellow  atrophy  of  the  liver, 
phosphorus  poisoning,  and  in  the  terminal  stages  of  cirrhosis  of  the  liver.  In 
practically  all  of  these  instances,  however,  the  ammonia  increase  was  ascribed 
to  acidosis.     On  the  other  hand,  numerous  careful  studies  upon  the  chemistry 
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of  the  blood  in  such  conditions  have  failed  to  show  any  constant  increase  in  blood 
ammonia  although  an  increased  ammonia  coefficient  of  the  urine  is  known  to  be 
commonly  present  in  certain  diseases  of  the  liver,  as  in  some  cases  of  eclampsia, 
in  acute  yellow  atrophy  of  the  liver,  and  the  pernicious  vomiting  of  pregnancy. 

In  this  connection  the  well-known  work  of  Pawlow  and  his  associates-  done 
many  years  ago  upon  Eck  fistula  dogs,  which  showed  symptoms  of  toxemia  upon 
high  protein  diets,  is  of  interest.  While  the  observations  of  these  observers  is 
now  somewhat  discredited  so  far  as  their  studies  of  the  blood  ammonia  in  these 
toxic  animals  is  concerned,  the  methods  which  they  used  for  estimating  am- 
monia having  been  open  to  question,  nevertheless,  their  claims  as  to  increased 
ammonia  percentages  in  blood  and  urine  of  these  intoxicated  animals  is  of  in- 
terest. Fischler^  has  also,  more  recently,  put  forward  similar  claims  in  account- 
ing for  protein  intoxications  in  Eck  fistula  dogs  whose  livers  have  been  thrown 
out  of  the  portal  circulation,  basing  his  claims,  however,  upon  an  exqess  of  am- 
monia in  the  urine  rather  than  the  blood. 

In  the  present  state  of  our  knowledge  regarding  the  relation  of  increased 
blood  ammonia  to  disease,  a  study  of  the  literature  would,  in  short,  suggest  that 
a  condition  of  acidosis  is  usually  present  when  such  increases  are  noted.  The 
same  explanation  would  be  the  apparent  explanation  also,  for  increases  of  am- 
monia excretion  in  the  urine  in  most  cases,  although  the  work  of  AMlliams,* 
Losee  and  Van  Slyke,^  and  others  would  seem  to  indicate  that  an  increased  am- 
monia coefficient  in  the  urine  may  occur  in  the  pernicious  vomiting  of  pregnancy 
without  the  accompanying  acidosis. 

BLOOD  AMMONIA  CONTENT  IN   NORMAL  INDIVIDUALS. 

As  has  been  stated,  the  observations  upon  the  blood  ammonia  of  both  human 
beings  and  animals,  carried  out  by  the  older  observers,  are  open  to  question  due 
to  the  more  or  less  inaccurate  technic.  The  development  of  the  methods  sug- 
gested by  Folin^  have,  however,  enabled  the  observer  to  carry  out  blood  ammonia 
estimations  in  a  comparatively  accurate  manner.  All  recent  observers,  using 
Folin's  methods  or  a  modification  of  the  same,  are  now  apparently  agreed  that 
the  blood  ammonia  in  normal  men  and  animals  never  exceeds  1  mg.  per  100  c.c. 
of  blood.  In  fact  1  mg.  per  100  c.c.  may  be  considered  as  the  extreme  upper  limit 
for  blood  ammonia.  Medwedew'  has,  for  example,  found  an  average  content 
of  0.56  mg.  per  100  c.c.  in  normal  dogs.  Rhode^  found  the  ammonia  content  of 
dogs  to  vary  between  0.17  and  0.72  mg.  per  100  c.c.  Gettler  and  Baker^  found 
an  average  of  between  0.4  and  0.75  mg.  per  100  c.c.  of  blood  in  30  normal  human 
beings.  Bennett,^"  using  a  dififerent  technic,  found  an  average  blood  ammonia 
content  in  five  normal  men  of  only  between  0.07  and  0.1  mg.  per  100  c.c.  Finally 
Folin  and  Denis^^  have  always  found  less  than  1  mg.  i)er  100  c.c.  in  both  men  and 
animals  as  the  ammonia  content  of  the  systemic  blood. 

In  carrying  out  routine  examinations  U])on  the  blood  for  its  ammonia  con- 
tent, however,  it  is  necessary  to  bear  in  mind  the  very  important  fact  that  blood 
after  its  withdrawal  quickly  shows  an  increase  in  its  content  of  ammonia,  ap- 
])arent1y  due  to  the  decomposition  of  certain  nitrogenous  Iwdics  which  arc  nor- 
mally present  in  it.  Accordingly,  unless  estimations  for  anmionia  are  made 
promptly  after  the  witlidrawal  of  blood,  the  real  values  of  .-unmoni.i  can  not  be 
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obtained.  That  the  production  of  ammonia  in  blood  which  is  allowed  to  stand 
after  being  withdrawn  must  be  considered  as  an  important  factor  in  such  esti- 
mations is  shown  by  the  work  of  Medwedew,'^  who  found  that  after  standing 
for  24  hours,  the  ammonia  content  of  the  blood  of  dogs  would  rise  from  normal 
to  as  high  as  2.93  mg.  per  100  c.c.  It  was  shown,  moreover,  that  the  ammonia 
formation  began  within  a  few  minutes  after  the  withdrawal  of  the  blood.  This 
observation  has  since  been  confirmed  by  Folin  and  Denis,  Rhode,^  and  others. 
During  the  course  of  our  own  investigations,  we  also  have  found  the  same  to 
hold  true  of  human  blood.  In  no  instances,  however,  have  we  found  the  am- 
monia content  of  sterile  normal  blood  to  rise  above  3  mg.  per  100  c.c,  even 
after  prolonged  standing,  nor  have  any  of  the  observers  mentioned  above  found 
the  rise  in  ammonia  to  exceed  this  limit  after  standing.  Apparently,  therefore, 
the  normal  upper  limit  for  ammonia  in  perfectly  fresh  blood  may  be  taken  as  1 
mg.  per  100  c.c,  and  under  any  circumstances,  with  a  proper  technic,  a  finding 
of  over  3  mg.  per  100  c.c.  may  be  safely  taken  as  abnormal. 

TECHNIC    OF   ESTIMATIONS. 

In  the  following  studies  an  effort  has  been  made  to  make  the  technic  as 
uniform  as  possible.  The  blood  has  been  examined  immediately  after  its  with- 
drawal into  thoroughly  cleansed  tubes,  to  which  was  added  1  c.c.  of  a  2  per  cent 
citrate  solution  to  prevent  clotting.  The  aeration  method  of  Folin  was  used, 
brisk  aeration  for  one-half  an  hour  being  applied,  and  the  ammonia  which 
was  blown  over  being  collected  in  a  1/50  N.  solution  of  sulphuric  acid.  This 
was  then  titrated  from  a  microburette  with  1/50  N.  sodium  hydroxide,  using 
an  aqueous  solution  of  alizarin  as  an  indicator.  Since,  from  a  clinical  stand- 
point, only  comparatively  marked  variations  in  any  chemical  element  of  th'e 
blood  can  be  considered  of  any  practical  diagnostic  significance,  an  attempt  was 
made  in  these  observations  to  detect  only  those  increases  of  ammonia  which 
exceeded  1  mg.  per  100  c.c.  of  blood,  and  in  the  following  tables  all  amounts 
of  1  mg.  and  under  are  expressed  as  a  "trace."  Also,  all  amounts  up  to  3  mg. 
per  100  c.c.  have  been  considered  as  possibly  due  to  changes  attributable  to 
variations  in  technic,  although  it  is  our  belief  that  the  technic  was  not  responsible 
for  such  increases. 

In  order  to  remove,  as  far  as  possible,  the  factor  of  diet  from  the  results 
of  these  examinations,  an  effort  was  made  to  place  all  patients,  whenever  pos- 
sible, upon  a  diet  consisting  of  32  ounces  each  of  milk  and  albumin  water  per 
24  hours  for  at  least  24  hours  preceding  the  examination,  the  above  diet  con- 
stituting the  ordinary  hospital  liquid  diet.  Our  experiments  upon  normal  indi- 
viduals would  seem  to  show,  however,  that  at  least  in  normals,  diet  has  no  in- 
fluence upon  ammonia  increases  since,  of  our  seven  normal  individuals,  all  of 
whom  showed  less  than  1  mg.  per  100  c.c,  all  were  purposely  placed  upon  high 
protein  diets  preceding  the  tests. 

The  alveolar  air  estimations  for  COg  tension  were  carried  out  after  the 
method  of  Fridericia.^-  Acetone  and  diacetic  acids  were  estimated  by  the  sodium, 
nitroprusside  and  the  ferric  chloride  tests,  respectively.  The  bicarbonate  test 
of  Sellards^^  for  acidosis  was  considered  positive  when  it  required  more  than 
15  gm.  of  bicarbonate  taken  by  mouth  to  alkalinize  the  urine.     The  blood  urea 
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estimations  were  carried  out  after  the  method  of  Van  Slyke  and  Cullen,  using 
Marshall's  urease  method  to  decompose  the  urea.  Five  cubic  centimeters  of 
blood  each  were  used  in  the  estimations  of  both  urea  and  ammonia. 

DISEASES   STUDIED. 

Our  findings  as  to  the  blood  ammonia  content  in  various  pathologic  condi- 
tions may  best  be  considered,  perhaps,  by  a  consideration  of  the  diseases  in 
separate  groups.  The  clinical  diagnoses  in  the  following  cases  have  been  made 
as  carefully  as  possible  by  modern  clinical  methods  and  in  a  considerable  per- 
centage of  cases  the  diagnoses  have  been  confirmed  by  autopsy. 

NEPHRITIS. 

As  will  be  seen  from  the  protocol,  19  cases  of  nephritis  have  been  studied. 
Among  these  cases  are  included  the  various  types  of  nephritis  which  are  met 
with  clinically,  both  the  high  tension  cases  with  moderate  edema  and  those  types 
characterized  by  general  anasarca  with  only  slight  urea  retention  being  repre- 
sented. In  this  series  are  included  also,  four  cases  dying,  of  uremia,  as  well 
as  several  mild  cases.  As  will  be  seen  from  the  protocol,  three  cases  in  this 
series  showed  increases  in  blood  ammonia  which  might  be  considered  marked 
(over  3  mg.  per  100  c.c).  It  is  interesting  to  note  that  none  of  the  four  uremics 
showed  such  blood  ammonia  increases.  It  is  also  of  note  that  all  three  of  the 
cases  showing  an  excess  of  blood  ammonia  were  also  complicated  by  myocarditis 
with  definite  evidence  of  cardiac  failure  and  with  chronic  passive  congestion  of 
the  visceral  organs.    All  three  of  these  cases  showed  definite  evidence  of  acidosis. 

CARDIAC    FAILURE. 

In  addition  to  the  cases  of  cardiac  disease  included  in  the  nephritic  series, 
fourteen  other  cardiac  cases  were  studied,  not  complicated  by  nephritis.  Four 
of  these  showed  blood  ammonia  in  quantities  of  over  3  mg.  per  100  c.c.  It  is 
of  interest  to  note  that  all  of  these  cases  also  showed  evidence  of  acidosis,  and 
that  all  wxre  suffering  from  chronic  passive  congestion  of  rather  marked  degree, 
several  having  pulsating  livers.  It  should  be  mentioned  that  while  all  of  the 
four  cases  showing  blood  ammonia  increases  in  this  series,  also  gave  evidence 
of  acidosis,  nevertheless,  several  other  cases  in  which  the  acidosis  was  just  as 
severe  failed  to  show  blood  ammonia  increases. 

CHRONIC    DISEASES    OF    THE   LIVER. 

In  view  of  the  close  relation  supposed  to  exist  between  the  liver  and  the 
normal  metabolism  of  the  proteins,  and  in  view  of  the  apjiarentiy  close  connec- 
tion between  the  liver  and  the  conversion  of  the  ammonia  formed  by  protein 
metabolism  into  urea,  one  would  expect  theoretically  to  find  evidence  of  ac- 
cumulation of  ammonia  in  the  blood  in  serious  diseases  of  that  organ.  As  a  mat- 
ter of  fact,  however,  reference  to  the  i)rotocols  will  show  that  such  is  apparently 
not  the  case,  at  least  in  chronic  diseases  of  the  liver.  In  only  one  of  such  cases 
studied  in  this  series  has  any  definite  increase  of  blood  ammonia  been  found, 
this  being  a  case  of  syphilis  of  the  liver,  with  severe  toxemia,  whose  blood  was 
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examined  just  before  death.  In  this  series,  as  will  be  noted,  were  included  four 
cases  of  Laennec's  cirrhosis  of  the  liver,  three  cases  of  syphilitic  cirrhosis,  one 
case  of  amebic  abscess  of  the  liver,  and  two  cases  of  rather  marked  jaundice. 
Chronic  diseases  of  the  liver  may  be  said,  therefore,  to  have  no  definite  and 
constant  connection  with  increase  in  blood  ammonia. 

TOXEMIAS    OE   PREGNANCY. 

In  connection  with  disease  of  the  liver  the  few  observations  which  we  have 
been  enabled  to  carry  out  upon  several  forms  of  toxemias  occurring  during 
pregnancy  may  be  of  interest,  since  at  least  certain  forms  of  such  toxemias, 
such  as  the  pernicious  vomiting  of  pregnancy  and  eclampsia  are  well  known  to 
be  associated  with  acute  hepatic  lesions,  and  with  increased  ammonia  coefficients 
in  the  urine,  as  was  first  emphasized  by  Williams.'*  In  this  series  three  cases 
diagnosed  clinically  as  probable  cases  of  eclampsia,  and  one  case  suspected  of 
being  the  pernicious  vomiting  of  pregnancy,  were  studied.  It  is  interesting  to 
note  that  two  out  of  three  of  the  cases  diagnosed  as  eclampsia  showed  definite 
blood  ammonia  increases,  while  one  case  of  persistent  vomiting  complicating 
pregnancy  showed  a  somewhat  less  marked  increase.  It  is  also  of  interest  that 
one  of  these  cases,  showing  an  increase  in  blood  ammonia,  failed  to  show  any 
evidence  of  acidosis.  Also,  one  case  of  this  series,  which  had  shown  a  marked 
increase  in  blood  ammonia,  coming  to  autopsy,  showed  the  typical  hepatic  lesions 
of  eclampsia. 

ACIDOSIS. 

Thirteen  cases  of  acidosis  from  various  causes  other  than  cardiorenal  dis- 
ease have  been  studied  in  this  series.  The  majority  of  these  cases  were  character- 
ized by  the  severity  of  the  acidosis.  Six  of  them  were  diabetics.  One  was  a 
case  of  diabetic  coma.  In  spite  of  the  fact  that  most  of  these  cases  of  acidosis 
were  characterized  by  their  severity  as  determined  by  their  symptoms  and  by 
the  usual  tests  for  acidosis,  one  is  surprised  to  note  the  small  percentage  of  cases 
showing  marked  increases  in  their  blood  ammonia.  Only  two  out  of  thirteen 
cases  showed  marked  blood  ammonia  increases.  Both  were  postoperative  cases, 
one  being  a  case  of  general  peritonitis,  which  at  autopsy  showed  a  rather  marked 
cloudy  swelling  of  all  organs,  and  in  addition,  showed  marked  fatty  degeneration 
of  the  liver.  The  other  case  was  one  of  persistent  nausea  and  vomiting  follow- 
ing a  laparotomy.  The  nausea  and  vomiting  at  the  time  of  the  blood  examina- 
tion had  persisted  for  three  weeks,  and  was  evidently  not  the  ordinary  type  of 
postoperative  vomiting.  The  vomiting  in  this  case  w^as  suspected  of  being  of 
nervous  origin,  although  it  was  severe  enough  to  cause  a  rather  serious  condi- 
tion clinically.  The  patient  recovered,  however.  It  is  of  interest  in  connection 
with  these  cases  of  acidosis,  to  note  that  blood  ammonia  is  apparently  by  no  means 
proportional  quantitatively  to  the  severity  of  the  acidosis,  since  the  severest  cases 
of  acidosis  noted  both  in  the  cases  included  under  acidosis,  as  well  as  in  the  cases 
of  acidosis  complicating  heart  and  kidney  diseases,  were  not  as  a  rule  the  ones 
showing  the  highest  blood  ammonia  content.  Moreover,  it  is  of  interest  that  the 
single  case  of  diabetic  coma  with  unusually  severe  acidosis,  studied  in  this 
series,  failed  to  show  anv  marked  increase  in  blood  ammonia,  although  the  urine 
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did  contain  a  marked  excess  of  ammonia.  The  well-known  fact  regarding  the 
relation  of  acidosis  to  an  increased  content  of  ammonia  in  the  urine  was  also 
confirmed  in  those  cases  of  acidosis  in  our  series,  in  which  24-hour  urine  speci- 
mens could  be  obtained. 

DISCUSSION. 

As  stated  above,  from  our  observations,  there  would  seem  to  be  no  definite 
connection  between  the  severity  of  the  acidosis  and  the  high  ammonia  content  of 
the  blood,  although  the  connection  between  acidosis  and  the  high  content  of  the 
urine  ammonia  is  evident.  Moreover,  at  least  two  cases  observed  by  us,  whose 
blood  contained  an  excess  of  ammonia,  failed  to  show  any  definite  evidence  of 
acidosis  as  determined  by  the  usual  tests,  as  well  as  by  clinical  signs. 

In  Case  No.  69,  which  showed  a  rather  large  percentage  of  mnne  ammonia 
without  a  corresponding  increase  of  blood  ammonia,  we  have  made  an  effort  to 
determine,  if  possible,  the  reason  for  this  discrepancy.  In  this  case  the  ureters 
of  each  l^idney  were  catheterized,  and  the  fresh  urine,  immediately  after  its  ex- 
cretion from  the  kidney,  was  analyzed  for  ammonia.  In  this  case,  a  case  of 
severe  diabetic  acidosis,  to  our  surprise,  the  smallest  amount  of  ammonia  was 
found  in  the  absolutely  fresh  urine,  only  5  mg.  per  100  c.c.  being  noted,  whereas 
the  24-hour  specimen  of  urine  had  shown  210  mg.  of  ammonia  per  100  c.c.  (24- 
hour  specimen  preserved  with  toluol).  In  another  case  also  (No.  100),  which 
showed  an  increased  blood  ammonia  percentage,  as  well  as  an  increased  ammonia 
output  in  the  urine,  a  fresh  catheterized  specimen  of  urine  from  the  ureter  show^ed 
only  13  mg.  of  ammonia  per  100  c.c.  as  contrasted  with  a  content  of  the  24-hour 
specimen  of  urine,  collected  according  to  the  usual  precautions  (toluol)  of 
330  mg.  per  100  c.c. 

Two  explanations  for  the  differences  between  the  blood  ammonia  percent- 
ages and  the  ammonia  content  of  the  urine  in  acidosis  suggest  themselves.  One 
explanation  is  that  the  ammonia  which  is  believed  to  be  set  free  into  the  blood  in 
order  to  combine  with,  and  thus  neutralize,  the  excess  of  acid  radicals  which  are 
present  in  acidosis,  is  set  free  and  excreted  in  waves,  as  it  were,  the  patient  show- 
ing at  one  time  an  excess  of  blood  ammonia  and  at  another  time  showing  a  nor- 
mal ammonia  content.  If  this  is  the  case,  any  excess  of  ammonia  in  the  blood, 
whether  the  ammonia  be  free  or  combined,  must 'be  excreted  by  the  kidneys,  almost 
as  soon  as  it  is  produced.  Against  this  theory  is  the  fact  that  even  repeated  exam- 
inations of  the  blood  of  some  of  our  cases  of  severe  acidosis  have  failed  to  show 
any  excess  at  any  time.  Another  explanation  for  the  marked  excess  of  am- 
monia in  the  urine  in  cases  of  acidosis,  with  an  absence  of  such  excess  in  the 
blood,  may  be,  that  in  acidosis  certain  bodies  are  present  in  the  urine  which  favor 
a  more  rapid  decomposition  of  its  nitrogenous  ek'ments  llian  under  normal  con- 
ditions. 

The  cause  of  increased  ammonia  content  of  the  blood  without  an  acidosis 
being  present  presents  an  interesting  (luestion.  Three  such  cases  have  been  ob- 
served in  this  series:  case  No.  4,  in  which  e\ery  tc-st  for  acidosis  was  negative, 
including  the  h\(lrogen-ion  concentration  ot'  the  blood;  case  No.  9'^  whose  alveo- 
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lar  air  tension,  while  slightly  lower  than  normal  would  not  suggest  any  appreciable 
degree  of  acidosis ;  and  case  No.  109,  showing  also  only  a  slightly  lowered  CO, 
tension.  Apparently  acidosis  as  a  cause  of  the  ammonia  increase  can  be  ruled 
out  in  the  above  cases.  An  analysis  of  the  cardiorenal  cases,  showing  increased 
blood  ammonia,  shows  that  in  addition  to  the  acidosis  which  was  present  in  all, 
a  condition  of  chronic  passive  congestion  was  also  present  in  all  of  them,  in  ad- 
dition to  the  acidosis.  Moreover,  in  all  of  these  cases  the  chronic  passive  con- 
gestion was  quite  severe.  On  the  other  hand,  however,  a  number  of  cases  show- 
ing similar  chronic  passive  congestion  failed  to  show  an  increased  blood  ammonia 
percentage.  In  fact  it  may  be  said  that  the  cases  of  chronic  passive  congestion 
showing  definite  increases  of  blood  ammonia  are  exceptional,  as  judged  from 
the  cases  included  in  this  series,  as  well  as  from  a  number  of  similar  cases  studied 
by  us,  but  not  included.  'A  pathologic  study  of  five  cardiorenal  cases  which  have 
come  to  autopsy  and  which  have  shown  increased  blood  ammonia  before  death, 
has  revealed  the  typical  lesions  of  marked  chronic  passive  congestion  with  pres- 
sure atrophy  about  the  central  veins  of  the  hepatic  lobules  in  each  case.  The 
source  of  the  ammonia  excess  in  the  blood  in  the  cases  of  eclampsia  studied  by 
us  is  an  interesting  subject  for  speculation.  Has  it  any  connection  with  the  hepatic 
lesions  which  were  shown  to  be  present  in  at  least  one  of  these  cases  which  came 
to  autopsy?  Our  own  series  of  such  cases  is  too  small  to  determine  this  point. 
If  it  be  true,  however,  that  the  increase  of  blood  ammonia  in  such  cases  may  be 
attributable  to  the  hepatic  lesions,  a  very  important  differential  criterion  between 
hepatic  and  nephritic  toxemia  of  pregnancy  would  be  ofifered. 

Also  in  the  case  of  persistent  vomiting  in  a  man  (case  No.  4  of  the  protocol) 
in  which  no  evidence  of  acidosis  could  be  demonstrated  in  spite  of  the  great  in- 
crease of  blood  ammonia,  can  one  explain  the  clinical  symptoms  as  well  as  the 
chemical  abnormality  of  the  blood  by  acute  hepatic  insufficiency?  Certainly  his 
symptoms  were  similar  in  many  respects  to  those  exhibited  by  dogs  showing  evi- 
dence of  protein  intoxication  after  their  livers  have  been  removed  from  the 
portal  circulation  by  means  of  Eck  fistulas.  Recent  work  has,  however,  failed  to 
show  any  ammonia  excess  in  the  blood  of  such  dogs,  and  Fiske  and  Karsner  have 
failed  in  an  attempt  to  produce  blood  ammonia  excess  in  the  blood  of  animals 
whose  livers  have  been  injured  by  poison. ^^'  ^'*'  ^^'  ^'^  Also,  against  disease  of  the 
liver  as  an  explanation  of  blood  ammonia  increase  in  these  cases,  we  have 
studied  a  series  of  ten  cases  of  more  or  less  serious  disease  of  the  liver,  in  only 
one  of  which,  just  before  death,  was  any  increase  of  blood  ammonia  demonstrated. 
While  it  is  true  that  an  isolated  case  of  marked  chronic  passive  congestion  of  the 
liver  has  occasionally  shown  an  increase  in  blood  ammonia,  such  cases  are, 
nevertheless,  exceptional.  Certainly,  if  ammonia  increase  in  the  blood  is  to  be 
attributed  to  deficient  functional  activity  of  the  liver,  it  must  be  attributed  by  a 
sudden  or  acute  stoppage  of  the  normal  function  of  the  cells  rather  than  to  either 
acute  or  chronic  inflammatory  diseases  of  the  liver  parenchyma  as  in  cirrhosis  of 
the  liver,  hepatic  abscess,  etc.,  in  which  either  compensatory  changes  must  have 
taken  place  in  the  liver  or  else  other  organs  have  been  enabled  to  take  up  at  least 
a  part  of  its  functions. 
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BLOOD    AND    URIXE    AMMONIA    IX    ACIDOSIS  31 

CONCLUSIONS. 

1.  Increases  of  blood  ammonia  of  above  1  mg.  per  100  c.c.  are  occasionally 
met  with  in  various  diseases. 

2.  Such  increases  can  not  be  explained  by  acidosis  in  all  cases. 

3.  The  fact  that  nine  cases  showing  marked  increases  (over  3  mg.  per  100 
c.c),  which  have  come  to  autopsy,  have  shown  definite  hepatic  lesions  would 
suggest  some  connection  between  increased  blood  ammonia  and  functional  insuf- 
ficiency of  the  liver. 

4.  The  fact  that  of  ten  chronic  and  subacute  cases  of  inflammatory  disease 
of  the  liver  studied,  only  one  has  show^n  an  increase  of  blood  ammonia  would 
indicate  acute  functional  insufficiency  of  the  liver  cells  rather  than  acute  or 
chronic  inflammatory  changes  in  the  liver  parenchyma  as  the  source  of  any  blood 
ammonia  increase. 
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INFECTIOUS    MENINGITIS -A    STUDY    OF    27    CASES    IN 
586   AUTOPSIES* 


By  Stuart  Graves,  M.D.,  Louisville,  Ky. 


OF  586  autopsies  done  in  the  pathologic  laboratory  of  the  Medical  Depart- 
ment of  the  University  of  Louisville  and  of  the  Louisville  City  Hospital 
between  September  I,  1914,  and  April  1,  1917,  27  revealed  leptomeningitis,  a 
percentage  of  4.6.  From  a  study  of  this  material  it  is  my  purpose  to  present 
some  statistics  and  conclusions  of  interest  and  value  particularly  to  the  clinician. 
It  must  be  borne  in  mind  that  some  of  these  subjects  were  coroner's  cases  which 
had  been  sent  into  the  laboratory  for  autopsy  and  had  not  been  on  the  wards  at 
all;  some  were  practically  moribund  when  admitted  to  the  wards;  and  some,  it 
must  be  confessed,  did  not  come  to  autopsy  with  as  complete  and  accurate  rec- 
ords as  could  be  desired.     The  cases  examined  were  briefly  as  follows : 

ABBREVIATED  PROTOCOES   OE  THE  CASES. 

(1)  A- 14-3.     Adult,  male,  white,   age  unknown.     Coroner's  case. 

Excerpt  from  chart:  Admitted  Sept.  12;  provisional  diagnosis,  septic  meningitis. 
Died  that  afternoon.  Temperature  99.1°;  pulse  126;  respiration  28.  Patient  irrational 
on  admission.  Six  days  before,  while  working  in  a  stable,  had  become  irrational.  Three 
days  later  condition  became  so  aggravated  that  he  was  dismissed  from  work.  Gradually 
developed  coma,  in  which  condition  he  was  brought  to  hospital  with  psychomotor  unrest, 
retraction  of  eyes,  contracted  pupils,  positive  Kernig.  Lumbar  puncture  showed  bacillus 
mucosus  capsulatus. 

Autopsy  findings:  Piarachnoid  of  cerebrum,  cerebeHum  and  cord  covered  with  a 
thick,  yellow,  mucoid  exudate.  Smears  and  cultures  showed  Gram-negative,  encapsulated 
bacilli,  gas,  acidified  milk  and  thick,  mucoid  growth  on  agar.  Bacteriologic  diagnosis, 
bacillus  mucosus  capsulatus.     Lungs  and  middle  ears  negative. 

(2)  A-14-11.     Negro,  female,  8  months  old. 

Excerpt  from  chart:  Admitted  Sept.  24;  died  Oct.  4.  Clinical  diagnosis,  tuberculous 
meningitis.  Uncle  living  in  house  during  first  four  months  of  child's  life  had  tuberculosis. 
Last  four  months  patient  had  cough,  spasms  with  vomiting  and  later  crepitant  and  moist 
rales  over  right  apex.  Spinal  fluid :  No  organisms  found,  moderate  increase  in  lympho- 
cytes.   Temperature  98.6°  to  103.4°  ;  pulse  130  to  154;  respirations  26  to  64. 

Autopsy  findings:  General  miliary  tuberculosis  of  lungs,  liver,  spleen,  kidneys,  ileum 
and  meninges  of  brain  and  cord.  Grayish  exudate  along  left  middle  cerebral  vessels,  be- 
ginning over  right  Sylvian  fissure  and  extending  chiefly  over  base  of  cerebrum  around 
circle  of  Willis.     Scattered  miliary  tubercles  also  found.     Cord  not  removed. 

(3)  A-14-16.     Negro  girl  16  years  old.     Coroner's  case. 

Excerpt  from  chart:  Admitted  Oct.  12;  died  Oct.  16.  No  history  obtainable  be- 
cause of  condition  of  patient.  No  neck  rigidity  present  afternoon  before  death.  Spinal 
fluid  showed  723  polymorphonuclear  leucocytes  per  cubic  millimeter ;  coagulated  in  heat- 
ing for  globulin  test.  No  Kernig  obtainable.  Whilte  count,  6,200;  polymorphonuclear 
leucocytes,  66%.    Temperature  98.4°  to  101°;  pulse  92;  respirations  28. 

Autopsy  findings:  Pulmonary  tuberculosis.  Miliary  tuberculosis  of  spleen,  liver 
and  kidneys.  Piarachnoid  grayish  and  slightly  thickened  along  middle  cerebral  arteries, 
but  no  frank  exudate.  Similar  condition  in  upper  portion  of  cord.  Sections  showed 
tuberculous  meningitis   of  cerebrum   and   cord. 

(4)  A-14-27.     White,  male,  23  years  old.     Coroner's  case. 

Excerpt  from  chart:     Patient  had  been   thrown   from   motorcycle  on   Sept.   17,   1914, 

.u     T     '^'m?   ti*-^  Pathologic   Laboratory   of   the   Medical   Department   of  the  University   of  Louisville  and   of 
the  Louisville  City  Hospital. 
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and  sustained  fracture  of  frontal  bone.  X-ray  showed  fracture  of  left  frontal  bone  ex- 
tending from  outer  angle  of  left  eye  upward  and  across  median  line.  Ran  irregular  tem- 
perature from  97.4°  to  100.4°.  Discharged  Oct.  15  with  normal  temperature,  pulse  and 
respirations.  Readmitted  Oct.  23  and  trephined  Oct.  26.  Died  that  afternoon.  No  symp- 
toms recorded.  Temperature  98°  to  104°  ;  pulse  120.2 ;  respirations  22.  Lumbar  puncture 
day  of  admission  showed  2070  cells  per  cubic  millimeter ;  98%  polymorphonuclear  leucocytes. 
Lumbar  puncture  two  days  later  showed  1330  cells  per  cubic  millimeter ;  83%  polymorpho- 
nuclear leucocytes.     Smears  and  cultures  showed  pneumococci. 

Autopsy  findings:  Entire  surface  of  piarachnoid  of  brain  and  cord  covered  with 
a  grayish  white  exudate.     Sections  showed  acute  leptomeningitis. 

(5)  A-14-42.     Negro,  female,  adult,  age  59  years. 

Excerpt  from  chart:  Admitted  Nov.  3;  died  Nov.  6.  Complained  of  pain  in  head, 
neck,  chest  and  back.  No  antemortem  diagnosis,  lumbar  puncture,  physical  examination  or 
blood  count  recorded.  Temperature  subnormal  until  last  day  when  it  rose  to  103°  ;  pulse 
78;  respirations  24. 

Autopsy  findings:  On  right  side  of  longitudinal  fissure  piarachnoid  opaque  and 
yellow,  most  marked  along  course  of  vessels.  Similar  condition  along  middle  cerebral 
arteries,  more  marked  over  base  of  brain.  Smears  from  exudate  showed  pus  cells  and 
Gram-positive,    lancet-shaped    diplococci,    morphologically    pneumococci. 

(6)  A-14-55.     Negro,   female,  adult. 

»  Excerpt   from   chart:     Admitted   Nov.   25;    died   at   3   p.m.      Provisional    diagnosis: 

Cerebral  hemorrhage. 

Autopsy  findings:  Lobular  pneumonia,  meningitis.  Small  localized  areas  of  gray- 
ish exudate  over  surface  of  brain,  most  marked  along  margin  of  cerebellum.  Cord  grossly 
negative.  Smears  from  cerebellum  showed  Gram-positive,  encapsulated  diplococci,  morpho- 
logically pneumococci. 

(7)  A-14-73.     Coroner's   case   outside.      Negro,    female,    adult.     No   history. 
Autopsy  findings:     Entire   surface  of   piarachnoid   of  cerebrum,   cerebellum,   and  cord 

covered  with  thick,  yellow,  purulent  material,  especially  along  vessels.  Middle  ears  nega- 
tive. Smears  showed  many  pus  cells  and  Gram-negative,  biscuit-shaped,  intra-  and  extra- 
cellular   diplococci,    morphologically   meningococci. 

(8)  A-15-20.     Negro,  male,  adult. 

Excerpt  from  chart:  Patient  admitted  Jan.  28,  at  noon;  died  at  9  p.m.  Admitted 
unconscious.  No  history  or  physical  examination  on  chart.  Temperature  101.6°  (axillary)  ; 
pulse  140;  respirations  48. 

Autopsy  findings:  Lobular  pneumonia.  Along  vessels  of  pia  mater  of  the  dorsum 
of  the  brain  were  seen  yellowish,  opaque  stripes.  Over  frontal  lobes  there  was  a  thick, 
dense,  opaque,  yellowish  material  beneath  pia  entirely  concealing  the  vessels  and  brain 
tissue.  This  thick,  dense,  opaque,  yellowish  material  found  beneath  pia  in  region  of  pons, 
medulla,  and  under  surface  of  temporal  lobes.  Beneath  pia  of  spinal  cord  were  seen  yel- 
lowish areas  varying  from  1  to  4  mm.  in  diameter,  scattered  throughout  its  entire  length. 
Smears  showed  pus  cells  and  Gram-positive  diplococci,  encapsulated,  morphologically  pneu- 
mococci. 

(9)  A-15-33.    Negro,  male,  adult. 

Excerpt  from  chart:  Admitted  March  6;  died  March  9.  Patient  delirious;  no  his- 
tory obtainable.  Neck  stiff.  Kernig  positive.  Spinal  puncture  showed  white  blood  cells, 
186;  polymorphonuclear  leucocytes,  68%;  lymphocytes,  32%;  (Blood?).  No  lul)crclc  l)acilli 
found.  Blood  count,  March  6;  W.  B.  C,  10,600;  polymorphonuclear  leucocytes,  80%;  R. 
B.  C,  2,500,000.  Temperature  100°  to  102.4°  ;  pulse  extremely  irregular,  60  to  150  with  daily 
change ;  respirations  20  to  40. 

Autopsy  findings:  About  poles  of  temporal  lobes,  i)ons,  and  optic  chiasm  piara:lnioid 
showed  grayish  yellow,  thick  exudate  along  vessels.  Cord  showed  occasional  yellowish 
gray,  rounded  nodules  1  mm.  in  diameter.  Smears  from  meninges  of  brain  and  cord 
showed  numerous  lymphocytes  and  tubercle  bacilli.  Sections  showed  miliary  tuberculosis  of 
lungs,  spleen  and  liver  and  conglomerate  tuberculosis  of  adrenals.     Middle  cars,  negative. 

(10)  A-15-45.     Negro,  male,  58  years  old. 

Excerpt  from  chart:  Admitted  March  13;  died  April  6.  History  of  two  attacks  of 
rheumatism,  last  one  six  years  ago.  Clinical  signs  and  symptoms  showed  consolidation 
of  base  of  upper  lobe  on  left  side.     White  count  just  before  death  showed  1500  leucocytes. 

Autopsy  findings:  Vegetative  endocarditis.  Infarct  of  left  lung.  Cerebrospinal 
meningitis.  Piaraclinoid  over  medulla,  i)ons,  and  cerel)elluni  and  inferior  surfaces  of 
frontal  and  temporal  lobes  presented  a  dense,  opaque,  grayish  yellow  exudate,  2  to  3  mm. 
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thick.  Similar  exudate  over  entire  spinal  cord.  Smears  from  meninges  showed  Gram- 
positive,  encapsulated,  lancet-shaped  diplococci,  intra-  and  extra-cellular,  with  cultural 
characteristics  of  pneumococci. 

(11)  A-15-53.     Male,  negro,  66  years  old. 

Excerpt  from  chart:  Admitted  March  19;  died  April  19.  No  diagnosis  recorded. 
Temperature  ranged  between  97  and  100 ;  pulse  72  to  98 ;   respirations  20  to  30. 

Autopsy  findings:  Cerebral  leptomeningitis.  Infarct  of  right  lung.  Piaarachnoid 
showed  grayish  white  streaks  along  vessels  near  vertex  and  over  parietal  lobe  and  posterior 
portion  of  frontal  lobe  on  either  side.  Smear  from  meninges  showed  Gram-positive,  spheri- 
cal cocci  in  short  chains  up  to  eight  units,  morphologically  streptococci.  Middle  ear, 
negative. 

(12)  A-15-57.     Negro,  male,  adult. 

Excerpt  from  chart:  Admitted  Jan.  21 ;  died  April  29.  Suprapubic  cystotomy  done 
immediately  after  admission  to  relieve  complete  anuria  and  greatly  distended  bladder, 
urethra  being  occluded  with  stricture.  Patient  improved  daily  until  day  before  death  when 
he  had  two  convulsions  and  ceased  to  breath.  Temperature  irregular,  96.4°  to  103°  ;  pulse 
90  to  120;  respirations  18  to  38. 

Autopsy  findings:  Lobar  pneumonia.  Obliterative  pleural  and  pericardial  fibrous 
adhesions.  Acute  tubular  nephritis.  Cerebral  leptomeningitis.  There  was  a  narrow,  dense, 
grayish  white  opacity  along  vessels  of  both  hemispheres  on  either  side  of  fissure  of  Rolando, 
extending  3  to  4  cm.,  being  'more  prominent  near  vertex.  Smears  and  cultures  from 
heart's  blood  and  meninges  (11  hrs.  postmortem)  showed  morphologic  and  cultural  char- 
acteristics of  pneumococci. 

(13)  A-15-58.    Negro,  male,  45  years  old. 

Excerpt  from  chart:  Admitted  April  28  unconscious;  died  April  30.  Provisional 
diagnosis :  Cerebral  hemorrhage.  White  count,  10,0(X) ;  polymorphonuclear  leucocytes,  72%. 
Lungs :     Some  mucous  rales  present ;  no  dullness. 

Autopsy  findings:  Lobar  pneumonia.  Chronic  myocarditis.  Cerebral  leptomeningitis. 
On  either  side  of  vessels  in  region  of  Rolandic  fissure  were  grayish  white,  opaque  streaks, 
more  marked  in  upper  portion.  Smears  showed  Gram-positive,  lancet-shaped  diplococci, 
morphologically  pneumococci. 

(14)  A-lS-78.     Female,  negro,  adult. 

Excerpt  from  chart:  Admitted  May  20  and  died  almost  immediately.  Unconscious. 
Had  been  sick  three  weeks  with  frequent  convulsions  day  and  night  for  three  days  before 
admission.  Mucous  rales  present  posteriorly  over  both  lungs.  Temperature  99° ;  pulse 
120;  respirations  32.     No  Wassermann  done. 

Autopsy  findings:  Lobular  pneumonia.  Healing  pericarditis.  Chronic  internal  hem- 
orrhagic pachymeningitis.  Sections  showed  also  chronic  leptomeningitis.  Bacteriology  of 
meninges  not  studied. 

(15)  A-15-171.     White,  male,  14  years  old. 

Excerpt  from  chart:  Admitted  Sept.  26;  died  Oct.  24.  Discharging  ear  for  six 
years.  Three  weeks  before  admission  began  to  have  pain  behind  left  ear.  Physical  exam- 
ination revealed  tenderness  over  left  mastoid.  Mastoidotomy  done.  Temperature  on  ad- 
mission, 101°,  continued  irregular,  97.4°  to  105.2° ;  pulse  74  to  144,  rising  to  168  in  last 
three  days ;  respirations  24  to  36  in  last  three  days.  No  antemortem  bacteriology.  Clin- 
ical diagnosis:     Otitis  media.     Mastoiditis.     Secondary  meningitis. 

Autopsy  findings:  Acute  leptomeningitis  and  otitis  media,  left  side.  Left  antrum 
chiseled  out  and  clean.  Smears  from  left  middle  ear  and  base  of  brain  showed  pus  cells 
and  few  Gram-positive  diplococci,  spherical,  in  short  chains  up  to  six  units.  Organisms 
did  not  grow   on   culture.     Diagnosis,   morphologically   streptococci. 

(16)  A-15-217.     Negro,   female,  26  years  old. 

Excerpt  from  chart:  Admitted  on  Dec.  31;  died  immediately  after  admission.  Pro- 
visional diagnosis,  meningitis.  Temperature  101.8°;  pulse  110;  respirations  28.  No  labora- 
tory findings  recorded. 

Autopsy  findings:  Acute  cerebral  leptomeningitis.  Narrow,  grayish  yellow  streaks 
along  vessels  of  cortex  in  region  of  Rolandic  fissure.  These  streaks  faded  out  before  reach- 
ing base  of  brain.     Smears  showed   Gram-negative,   extracellular,  biscuit-shaped   diplococ'ci. 

(17)  A-16-11.     Negro,   female,  48  years  old. 

Excerpt  from  chart:  Admitted  Dec.  31;  died  Jan.  8.  Final  diagnosis:  Lobar  pneu- 
monia. Physical  examination  showed  slight  jaundice.  Temperature  day  before  death,  103°  ; 
pulse,  110;  respirations,  42. 

Autopsy   findings:      Acute    endocarditis.      Lobular    pneumonia    with    sections    showing 
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acute  arteritis.  Healing  leptomeningitis.  Smears  and  cultures  from  heart's  blood,  valvular 
vegetations  along  tricuspid  v^lve  and  from  meninges  all  showed  hemolytic  streptococci. 
Aliddle  ears  negative.  In  piarachnoid  and  convolutions  about  cortex  of  cerebrum  were  a 
few  pinhead,  grayish  white   areas.     Pyorrhea   alveolaris   marked. 

(18)  A-16-115.     Negro,  female,  8  years  old. 

Excerpt  from  chart:  Admitted  May  21;  died  next  day.  Diagnosis:  Tuberculous 
meningitis.  Child  had  been  sick  since  Thanksgiving.  Began  vomiting  all  food  taken.  Had 
had  high  temperature  since  beginning  of  trouble.  Brought  in  in  dying  condition.  Emaciated 
and  anemic.  Few  rales  in  both  apices ;  bases  dull.  Legs  spastic.  Kernig  present.  In 
opisthotonos  and  unconscious  condition  before  death.  At  midnight  convulsions  every  few 
minutes.     Temperature    (axillary),   104.6°;   pulse  144;   respirations  56. 

Autopsy  findings:  Miliary  tuberculosis  of  lungs,  spleen,  stomach,  pancreas,  liver,  kid- 
neys, cerebrum,  cerebellum,  and  cord.  Piaarachnoid  over  base  of  cerebrum  showed  in- 
crease in  clear  watery  fluid.  Grayish  yellow  exudate  along  vessels  near  Sylvian  fissure  and 
oyer  base.  Similar  exudate  over  cerebellum  with  numerous  scattered,  pinhead  areas.  Left 
caudate  nucleus  showed  marked  softening  in  area  2  cm.  in  diameter  which  extends  to 
anterior  limb  of  internal  capsule.  This  area  was  pinkish  yellow,  soft  and  mushy.  Sec- 
tions showed  tuberculosis.    Smears  showed  tubercle  bacilli. 

(19)  A-16-117.     Negro,  male,  35  years  old. 

Excerpt  from  chart:  Admitted  May  26;  died  May  26.  Diagnosis:  Edema  and  con- 
gestion of  lungs.  Illness  began  three  days  before  admission  with  chill  and  pain  in  back 
of  head.  This  was  followed  by  repeated  convulsions.  Physical  examination  showed  moist 
rales  over  both  lungs.  Leucocytic  count,  9,400 ;  polymorphonuclear  leucocytes,  74%.  Urine 
showed  albumin.     Temperature  105.7°;  pulse  140;  respirations  40. 

Autopsy  findings:  Meninges  of  medulla,  pons  and  base  of  brain  showed  grayish 
yellow,  opaque  streaks  along  vessels.  Lateral,  third  and  fourth  ventricles  filled  with  thin, 
grayish  yellow,  purulent  material.  Middle  ears  negative.  Smears  from  meninges  showed 
Gram-negative,  intra-  and  extra-cellular,  biscuit-shaped  diplococci.  Smears  from  fluid 
in  lateral  ventricles  showed  same.  Microscopical  sections  show'cd  lobular  pneumonia, 
infarct  of  spleen,  beginning  glomerular  nephritis  and  regeneration  of  adrenal  cortex  with 
numerous  mitotic  figures. 

(20)  A- 16-122.     Negro,,  male,  32  years  old. 

Excerpt  from  chart:  Admitted  and  died  on  June  4.  Patient  had  been  struck  on 
head  by  automobile  three  days  before.  Morning  of  admission  had  become  delirious  and 
violent. 

Autopsy  findings:  Fracture  of  base  of  skull  involving  left  petrous  portion  of  left 
temporal  bone.  Acute  leptomeningitis.  Suppurative  otitis  media.  Smears  and  cultures  of 
meninges  and  middle  ear  showed  pneumococci.  Temperature  (axillary),  103.8°;  pulse  86; 
respirations  36. 

(21)  A-16-138.     Coroner's  case  outside.     Negro,  female,  adult.     No  historj'. 

Autopsy  findings:  Generalized  tuberculosis.  Tuberculous  leptomeningitis.  Tuber- 
culosis of  choroid  plexus.  Choroid  plexus  on  either  side  showed  grayish  white,  multiple, 
pinhead  areas;  on  section  grayish  yellow  and  soft.  Sections  showed  tuberculosis.  Smear 
from  meninges  showed  tubercle  bacilli. 

(22)  A-16-139.  Coroner's  case  outside.  No  history.  Male  negro,  24  years  old.  Body 
restricted. 

Autopsy  findings:  Stellate  fracture  of  base  of  skull.  Acute  otitis  media,  right.  Sec- 
tions showing  acute  cerebral  leptomeningitis  extending  into  ci'nliral  cortex.  Smears  and 
cultures   from  meninges  and  middle  ear  sliowed  pneumococci. 

(23)  A-16-159.     Female,  negro,  17  years  old. 

Excerpt  from  chart:  Admitted  Aug.  6;  died  Aug.  8.  Final  diagnosis,  tuberculous 
meningitis.  Physical  examination  showed  slight  rigidity  of  spine.  All  reflexes  absent. 
No  sensation  below  waist.  Spinal  fluid  yellowish  and  syrupy  (Froin's  syndrome).  Butyric 
acid  test,  positive.  Temperature  100°  to  107°;  pulse  124  to  140;  respirations  24  to  42. 
Urine  showed  albumin.     White  count  11,600. 

Autopsy  findings:  Body  restricted.  Sections  of  brain  and  cord  showotl  tuberculous 
meningitis. 

(24)  A-16-169.    White,  male,  52  years  old. 

Excerpt  from  chat^t :  Admitted  Aug.  22;  died  Aug.  30.  Patient  admitted  semicon- 
scious. Complained  of  ear  trouble.  Three  days  before  death  had  general  convulsions. 
Neck  rigid.  Kernig  positive  on  both  sides.  Spinal  puncture  showed  pus  cells  and  a  few 
Gram-positive  diplococci;  cultures  negative  after  nine  days.  Leucocytic  count,  14,600  to 
25,900.     Urine  showed  albumin.     Mastoid  operation  done. 
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Autopsy  findings:  Organizing  leptomeningitis  of  brain  and  cord.  Right  middle  ear 
negative;  left  showed  mastoidotomy  wound  and  was  filled  with  blood  clot.  Bacteriology 
(1  hour  postmortem)  showed  streptococci  and  staphylococcus  aureus  of  meninges  of  cere- 
brum, cord  and  left  middle  ear, 

(25)  A-16-227.    White,  male,  52  years  old. 

Excerpt  from  chart:  Admitted  Dec.  26;  died  Dec.  29.  Diagnosis,  otitis  media,  cere- 
brospinal meningitis,  pneumococcic.  Patient  had  been  admitted  to  hospital  on  Nov.  26  and 
discharged  on  Dec.  16.  Had  been  admitted  for  pain  and  discharge  in  right  ear  and  para- 
centesis had  been  done.  Had  no  temperature  or  other  symptoms  when  discharged.  Re- 
admitted on  Dec.  26  with  severe  pain  in  right  parietal  and  temporal  regions.  He  stag- 
gered when  walked  and  became  delirious.  On  Dec.  27  he  became  unconscious.  Spinal 
puncture  showed  pneumococci.  Right  side  of  face  paralyzed.  Marked  tenderness  over 
mastoid.  Neck  rigid.  Kernig  positive  in  both  legs.  Hyperesthesia  marked.  Temperature 
varied  from  subnormal  to  102.6°;  pulse  82  to  132,  rising  before  death;  respirations  mostly 
20  to  26,  rising  to  40  before  death. 

Autopsy  findings:  Acute  purulent  otitis  media.  Alastoiditis  Labyrinthitis.  Acute 
diffuse  fibrino-purulent  cerebral  leptomeningitis.  Lobar  pneumonia.  Beginning  central 
necrosis  of  liver.  Acute  glomerular  and  tubular  nephritis.  Toxic  adrenalitis  with  re- 
generation (mitoses  numerous  in  cortex).  Smears  and  cultures  from  heart's  blood,  cere- 
bral meninges  and  right  fossa  over  middle  ear  showed  pneumococci. 

(26)  A-17-1.     Negro,  female,  40  years  old. 

Bxcerpt  from  chart:  Admitted  Jan.  5;  died  Jan.  9.  Diagnosis,  meningitis.  Uncon- 
scious when  admitted,  remained  unconscious  to  death.  At  times  had  a  muttering  delirium. 
Some  exophthalmos.  Pupils  slightly  dilated  and  did  not  react  to  light.  Reflexes  exaggerated. 
Babinski,  positive.  Incontinence  of  urine  and  feces.  Spinal  fluid  clear;  pressure  not  in- 
creased; apparently  no  cell  count  made.  Another  specimen  of  spinal  fluid  showed  Wasser- 
mann  positive  +++.  Temperature  showed  daily  rise,  99°  to  104.6°;  pulse  88  to  124;  respira- 
tions 22  to  44. 

Autopsy  findings:  Lobar  pneumonia.  Gumma  of  calvarium,  meninges  and  cere- 
brum. Healing  cutaneous  syphilides.  Syphilitic  deformity  of  nose.  Chronic  valvular  and 
mural  endocarditis.     Postmortem  Wassermann  positive  -H-+. 

(27)  A-17-11.     Negro,  female,  31  years  old. 

Bxcerpt  from  chart:  Admitted  Jan.  12 ;  died  Jan.  23.  Provisional  diagnosis,  multiple 
bruises  and  lacerations  of  right  leg.  Final  diagnosis,  tetanus.  Eight  days  after  admission 
patient  complained  of  stiffness  of  jaws  and  slight  sore  throat.  Five  thousand  units  of 
antitetanic  serum  given  subcutaneously  and  an  equal  dose  given  intravenously.  Two  days 
later  5,000  more  given  intraspinously ;  the  following  day  6,000  intravenously  and  3,000  sub- 
cutaneously. That  day  had  slight  convulsion  of  shoulders  and  head.  Patient  semicon- 
scious and  unable  to  sleep.  Neck  and  back  arched  and  stiff.  More  convulsions  with  rigidity 
of  neck  and  spine.  Frequent  chronic  convulsions  followed  with  profuse  diaphoresis  day 
before  death.  During  last  hours  lay  in  stupor.  Temperature  rose  to  100°  day  of  admis- 
sion and  continued  with  irregular  rises  as  high  as  102.4°.  Pulse  varied  daily  between  64 
and  100,  rising  to  166  day  before  death  and  106  on  day  of  death.  Respirations  mostly  20  to 
30,  rising  to  60  day  before  death.     No  laboratory  examinations  recorded. 

Autopsy  findings:  Piarachnoidal  space  over  hemispheres  contained  a  slight  excess 
of  clear,  watery  fluid.  Vessels  distended.  In  sulci  along  left  Sylvian  fissure  piarachnoid 
contained  a  milky  fluid,  more  marked  along  vessels.  Left  middle  ear  contained  a  brovra- 
ish  yellow  tenacious  fluid.  Postmortem  bacteriolog}^ :  Smear  from  left  middle  ear  showed 
Gram-positive,  discrete,  lancet-shaped  diplococci,  morphologically  pneumococci.  Smear 
from  left  cerebral  hemisphere  showed  many  polymorphonuclear  leucocytes,  some  lympho- 
cytes and  a  few  discrete  diplococci,  morphologically  pneumococci.  On  culture  a  few  Gram- 
positive  diplococci  were  found,  but  the  growth,  in  spite  of  sterile  precautions  in  taking 
culture,  was  overgrown  with  a  Gram-positive,  irregular  diphtheroid.  Postmortem  diag- 
noses:    Healing   otitis   media,   left.     Healing   leptomeningitis. 

INFECTIOUS   AGENTS   AND  ROUTES   OE  ENTRANCE- 

In  the  treatment  of  meningitis,  as  well  as  in  its  prognosis,  it  is  of  the  utmost 
importance  to  ascertain  its  causative  factor.  In  this  series  the  infectious  agents 
were  divided  as  follows : 

Pneumococcus,  11  cases,  40.7%  ; 

Tubercle  bacillus,  6  cases,  22.2% ; 
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Meningococcus,  3  cases,  11.1%; 

Streptococcus,  3  cases,  11.1%; 

Bacillus  mucosus  capsulatus,  1  case,  3.7% ; 

Staphylococcus  aureus  and  streptococcus  combined,  1  case,  2i.7%  ; 

Treponema  pallida,  1  case,  3.7% ; 

Undetermined,  1  case,  3.7%. 

It  is  important  also  to  consider  the  probable  route  of  entrance  of  the  infec- 
tion to  the  meninges  and  the  associated  infectious  lesions.  As  nearly  as  can  be 
ascertained  in  these  cases  those  factors  are  shown  in  Table  I. 


Table  I. 


ROUTE    OF    ENTRANCE 
Traumatic 


Hematogenous 


Direct  extension 


NUMBER 


14 


PER    CENT 


PROBABLE    SOURCE 


Undetermined  3 

(Tuberculosis,  body  restricted,  1) 
(Chronic  internal  hemorrhagic  pachymeningitis,  1) 
(Unknown,  1) 


11.1 
51.8 

25.9 
11.1 


Fracture  of  frontal  bone,  1 

Fracture  of  temporal  bone,  1 

Fracture  of  base   of   skull,  1 

Lungs,  6 

Generalized  tuberculosis,  5 

Acute  endocarditis,  2 

Syphilis,  1 

Otitis  media,  4 

Nares  (meningococcus),  3 


Statistics  as  to  age,  sex  and  race  are  of  no  particular  value  if  they  are  not 
figured  in  proportion  to  all  patients  admitted.  The  youngest  patient  was  eight 
months  old  and  the  oldest  sixty-six  years.  On  the  charts  of  many  of  the  patients 
the  exact  age  was  not  stated.  However,  figuring  babes  1  to  5  years  old,  chil- 
dren 5  to  20,  and  adults  more  than  20,  the  statistics  are  as  follows : 


STATISTICS  AS  TO  AGE. 


Male 
Female 


Babes, 

Children, 

Adults. 


Total 


Black 

9 

12 

21 


1 

4 

22 

RACE  AND  COLOR. 


Per  cent 
33.3 
44.4 

77.7 


White 
5 
1 


4% 
14% 

82% 


Per  cent 

18.4 

3.7 

22.1 


Total 
14 
13 

27 


Per  cent 

51.7 
48.1 

99.8 


INJURY  AND   REACTION. 

The  injury  was  severe,  with  more  or  less  extensive  necrosis  and  acute  in- 
flammatory reaction,  in  the  infections  due  to  bacillus  mucosus  capsulatus,  pneu- 
mococcus,  meningococcus  and  slrei)t()COccus  and  sta])hyl()c()ccus  aureus;  less 
severe,  with  more  localized  tissue  destruction  and  chronic  inflammation  in  infec- 
tions due  to  tubercle  liacilli  and  treponcma  pallida  and  in  chronic  internal  hemor- 
rhagic pachymeningitis,  although  in  only  one  case,  that  of  a  negro  baby,  was  the 
tuberculous  injury  and  reaction  limited  to  miliary  tubercles  in  tlic  piarachnoid. 
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Table  II. 
Lumbar  Puncture  and  Diagnosis. 


CASE 

MENINGITIS   DIAGNOSED 

MENINGITIS    DIAGNOSED 

LUMBAR   PUNCTURE 

NUMBER. 

ANTE  MORTEM 

POSTMORTEM 

DONE   ANTEMORTEM 

1 

Yes 

Yes 

Yes 

2 

Yes 

Yes 

Yes 

3 

Yes 

Yes 

(Tuberculous) 

Yesi 

4 

Yes 

Yes 

Yes 

5 

No 

Yes 

No 

6 

No 

(Cerebral 
hemorrhage) 

Yes 

No 

7 

No 

Yes 

No2 

8 

No 

Yes 

No 

9 

Yes 

Yes 

(Tubercu 

lous) 

Yesi' 

10 

No 

Yes 

No 

11 

No 

Yes 

No 

12 

No 

Yes 

No 

13 

No 

(Cerebral 
hemorrhage) 

Yes 

No 

14 

No 

Yes 

(Chronic 
hemorrh; 

internal 
agic 

No 

pachymeningitis) 

15 

Yes 

Yes 

No3 

16 

Yes 

Yes 

No3 

17 

No 

Yes 

No 

18 

Yes 

Yes 

No3 

19 

No 

Yes 

No4 

20 

No 

Yes 

No 

21 

No 

Yes 

No2 

22 

No 

Yes 

No2 

23 

Yes 

Yes 

Yes 

24 

Yes 

Yes 

Yes 

25 

Yes 

Yes 

Yes 

26 

Yes 

Yes 

Yes5 

27 

No 

Yes 

No 

'Cases  3  and  9  were  not  diagnosed  tuberculous  meningitis  antemortem  apparently  because  all  the  spinal 
fluid  was  collected  in  one  tube  in  each  case.  In  the  first  case,  the  chart  states,  the  spinal  fluid  contained 
"12i  polymorphonuclear  leucocytes  per  cubic  millimeter  and  coagulated  in  heating  for  globulin  lest;"  in  the 
second  case,  "186  leucocytes  per  cubic  millimeter,  polymorphonuclear  leucocytes  68%,  lymphocytes  32%." 

^Cases  7,  21,  and  22  were  not  ward  cases,  but  coroner's  cases  sent  in  for  diagnosis  without  any  clinical 
history. 

■''In  these  cases  the  antemortem  diagnosis  was  obvious  from  the  clinical  condition.  In  the  first  there 
was  a  complicated  mastoidotomy.  In  the  second  the  diagnosis  was  made  in  the  admission  room.  In  the 
third  marked  signs  of  systemic  tuberculosis  were  present  in  a  negro  girl  of  eight  with  positive  Kernig  and 
opisthotonos. 

*The  infecting  organism  in  each  case  was  proved  at  autopsy  to  be  meningococcus.  Case  7  was  an  out- 
side coroner's  case.     Case  16  died  immediately  after  admission.     Case  19  was  in  the  ward  less  than  one  day. 

'^Wassermann   on   spinal   fluid   antemortem    and   on   blood   postmortem    (3   hrs.)    positive   +++. 

As  is  well  known,  the  tubercle  bacilli,  once  they  gain  access  to  the  loose  tissues 
of  the  meninges,  may  excite  a  more  or  less  diffuse  and  acute  inflammatory  reac- 
tion. As  to  termination,  all  inflammatory  reactions  end  in  resolution  or  organiza- 
tion. In  only  two  types  of  these  cases  was  there  evidence  of  organization,  in 
the  luetic  and  tuberculous.  None  came  to  complete  resolution,  although,  as  we 
shall  show,  at  least  three  might  have  done  so  if  they  had  been  properly  diagnosed 
and  treated.     No  serious  complications  of  organization  were  found. 


THE   SIGNS   AND   SYMPTOMS. 


Of  the  signs  and  symptoms  recorded  in  these  cases  the  most  common  and 
striking  include  the  following:      (1)   Fever.     The  temperature  was  elevated  in 
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every  case  except  one  in  which  it  was  subnormal  until  the  day  of  death  when  it 
rose  to  103°  F.  The  highest  temperature  was  in  tuberculous  meningitis  in  which 
it  was  recorded  at  107°  F.,  although  it  reached  105.7°  F.  in  a  meningococcus 
infection,  and  105.2°  F.  in  a  streptococcus  infection;  (2)  headache;  (3)  rigidity 
of  neck  and  back;  (4)  Kernig;  (5)  contracted  or  dilated  and  fixed  pupils;  (6) 
vomiting;  (7)  motor  reaction  to  cortical  irritation;  (8)  delirium;  (9)  coma; 
(10)  hyperesthesia;  (11)  pathologic  spinal  fluid. 

Osier  says  in  his  textbook  on  medicine  that  convulsions  "are  less  common 
in  simple  than  in  tuberculous  meningitis  and  that  they  were  not  present  in  a 
single  instance  in  the  cases  which  I  have  seen  in  pneumonia,  ulcerative  endo- 
carditis or  septicemia." 

In  this  series  convulsions  are  recorded  in  one  case  of  lobar  pneumonia  and 
pneumococcus  septicemia,  in  two  of  lobular  pneumonia  and  healing  pericarditis, 
in  one  case  of  complicated  mastoiditis,  in  one  of  complicated  otitis  media  and 
in  only  one  of  tuberculosis.  Rigidity  of  the  neck  is  not  always  present.  In  one 
case  of  tuberculous  meningitis  the  chart  stated  positively  that  it  was  not  present 
the  afternoon  before  death. 

The  most  important  lesson  to  be  drawn  from  this  study  concerns  lumbar 
puncture  and  spinal  fluid.  Table  II  illustrates  graphically  the  relation  of  ante- 
mortem  and  postmortem  diagnoses  and  the  presence  or  absence  of  an  ante- 
mortem  spinal  puncture. 

From  the  preceding  table  it  can  be  deduced  that  correct  antemortem  diag- 
noses were  made  in  10  of  27  cases  (1,  2,  4,  15,  16,  18,  23,  24,  25,  26)  and  that  in 
these  cases  proper  lumbar  punctures  and  spinal  fluid  examinations  were  made  in 
8,  while  in  17  of  27  cases  (3,  5,  6,  7,  8,  9,  10,  11,  12,  13,  14,  17,  19,  20,  21,  22,  27) 
correct  antemortem  diagnoses  were  not  made  and  in  such  cases  a  lumbar  punc- 
ture was  not  made  in  a  single  case. 

CONCIvUSIONS. 

The  conclusions  are  obvious : 

1.  Correct  antemortem  diagnoses  were  established  in  100%  of  cases  in  which 
proper  lumbar  punctures  and  spinal  fluid  examinations  were  made. 

2.  Correct  antemortem  diagnoses  were  not  established  in  70%  of  cases  in 
which  proper  lumbar  punctures  and  spinal  fluid  examinations  were  neglected. 

3.  In  drawing  spinal  fluid  the  second  portion  should  always  be  collected  in 
a  separate,  clean,  dry,  sterilized  test  tube.  Any  blood  in  the  specimen  to  be 
examined  renders  findings  unreliable,  wastes  time  and  material  ruid  may  lead  t<^ 
incorrect  conclusions. 

4.  A  grave  responsibility  rests  upon  the  doctor  who  neglects  to  have  made 
a  proper  lumbar  puncture  and  a  correct  examination  of  the  spinal  fluid  in  all 
cases  of  possible  meningitis,  because  the  establishment  of  an  early  diagnosis  and 
the  employment  of  specific  treatment  with  Flexner's  antimeningococcus  serum 
are  likely  to  save  lives  in  meningococcus  meningitis  at  least.  The  neglect  of  such 
measures,  conversely,  may  result  in  unwarranted  fatalities. 

I  take  pleasure  in  acknowledging  careful  routine  work  in  the  autopsies  dur- 
ing the  period  of  this  study  by  members  of  the  laboratory  staff,  Drs.  A.  H. 
Stein,  J.  W.  Moore,  H.  E.  Fust,  H.  H.  Reeder,  H.  R.  Livesay,  and  T.  R. 
Maxwell. 
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A  Survey  of  the;  Incidenci;  and  Types  oe  Thyroid  Enlargements  in  the 

Schoolgirls  of  Akron  (Ohio),  from  the  5th  to  the  12th  Grades, 

Inclusive — The  Plan  of  Prevention  Proposed. 


By  David  Marine,  M.D.,  and  O.  P.  Kimball,  B.S.,  Cleveland,  Ohio. 


OlMPLE  goiter  in  animals  is  probably  the  easiest  of  all  known  diseases  to 
^  prevent.  Simple  goiter  includes  all  the  thyroid  enlargements  seen  in  the 
lower  animals  and  those  thyroid  enlargements  seen  in  man,  except  cases  properly 
classified  as  exophthalmic  goiter.  Many  cases  with  simple  goiter  later  develop 
exophthalmic  goiter.  In  brief,  simple  goiter  includes  all  those  thyroid  enlarge- 
ments formerly  classified  as  endemic,  epidemic  and  sporadic.  The  periods  when 
it  most  frequently  develops  are  (1)  fetal,  (2)  adolescent,  and  (3)  during  preg- 
nancy. Anatomically  a  wide  range  of  changes  may  be  present,  depending  on  the 
species  of  animal  and  on  the  stage  (duration)  of  the  disease.  In  man  and  fowls 
one  more  commonly  sees  the  form  characterized  by  an  abundance  of  colloid  ma- 
terial— the  so-called  "cystic  or  colloid  goiter"  of  older  writers,  while  in  goiter 
of  dogs,  sheep,  cattle,  pigs,  fish,  etc.,  the^ccumulation  of  colloid  material  is  seen 
only  in  the  late,  regressive  or  quiescent  stages.  Again  in  man  the  adenomatous 
form  is  very  common  and  is  exceedingly  rare  if  present  at  all  in  the  lower 
animals. 

It  will  not  be  possible  to  review  all  the  experimentafaata  on  which  the 
assertion,  that  simple  goiter  in  animals  is  an  easily  preventable  disease,  is  based. 
Certain  of  the  more  important  facts  bearing  on  the  subject  will  be  summarized 
as  an  introduction  to  the  discussion  of  the  means  proposed  to  attempt  the  pre- 
vention of  simple  goiter  in  man. 

1.  The  developmental  stage  of  all  goiters  is  characterized  by  an  increased 
blood  flow,  an  increase  in  the  size  and  number  of  epithelial  cells,  a  decrease  in  the 
stainable  colloid  of  the  follicular  spaces  and  a  marked  absolute  decrease  in  the 
iodine  content.     The  decrease  in  iodine  precedes  the  cellular  changes. 

2.  Similar  thyroid  changes  (compensatory  hyperplasia)  invariably  occur  in 
the  remaining  portion  of  the  gland  when  a  sufficient  portion  of  the  entire  gland 
IS  removed.  The  amount  of  gland  it  is  necessaiy  to  remove  in  order  to  cause  com- 
pensatory hyperplasia  varies  somewhat  with  the  species  of  animal,  definitely  with 
the  age,  the  diet,  and  the  presence  of  iodine. 

3.  The  administration  of  exceedingly  small  amounts  of  any  salt  of  iodine 
thus  far  tried  in  any  manner  completely  protects  the  remaining  thyroid  against 
compensatory  hyperplasia,  even  after  the  removal  of  three-fourths  of  the  normal 
gland  in  cats,  dogs,  rabbits  and  rats,  fowls  and  pigeons.  Halsted^  and  Hunnicutt^ 
reported  a  series  of  partial  thyroidectomies  in  dogs  in  which  they  failed  to  ob- 
tain the  hypertrophy  or  hyperplasia  of  the  remaining  portion  and,  therefore,  con- 

*Froin  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve  University,  Cleve- 
land,  Ohio. 

Aided  by  a  grant  from  the  Committee  on  Therapeutic  Research  of  the  Council  on  Pharmacy  and 
Chemistry  of  the  American  Medical  Association. 
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eluded  that  Halsted's  earlier  and  justly  classic  experiments^  on  the  production 
of  compensatory  hyperplasia  by  partial  removal  were  not  due  to  thyroid  removal, 
but  to  something  else,  possibly  infection.  Their  failure  to  obtain  compensatory 
hyperplasia  in  the  second  series  was  really  due  to  the  presence  of  available  iodine 
either  from  the  absorption  of  iodine  painted  on  the  skin  or  from  contact  with 
other  dogs,  or  from  inhalation  of  volatilized  iodine  from  other  dogs  carrying 
iodine,  or  from  other  sources  in  the  rooms. 

4.  If  most  of  the  thyroid  gland  is  removed  before  or  in  the  early  stages  of 
pregnancy  and  rigid  steps  are  taken  to  exclude  available  iodine,  the  pups  at 
birth  will  have  enlarged  thyroids,  as  first  shown  by  Halsted,^  while  if  available 
iodine  is  present,  the  pups  will  have  normal  thyroids.* 

5.  We  have  repeatedly  found  that  a  milligram  of  iodine  given  at  weekly 
intervals  is  sufficient  to  prevent  thyroid  enlargement,  although  other  pups  of  the 
same  litter,  living  in  the  same  kennel,  and  eating  the  same  food,  regularly  de- 
veloped goiter. 

6.  The  thyroid  gland  has  an  extraordinary  affinity  for  iodine,  as  can  readily 
be  shown  by  perfusion  experiments  in  vitro  or  by  injecting  small  amounts — 5  to 
20  mg.  KI. — into  the  circulation.''  "^  Experimentally  then  the  proof  is  e^uffi- 
ciently  complete  to  demonstrate  the  underlying  principles  of  goiter  prevention 
in  animals  and  the  ease  with  which  they  can  be  applied.  From  the  practical 
standpoint,  the  first  instance  of  preventing  goiter  on  a  large  scale  was  accidental 
and  in  connection  with  the  sheep  raising  industry  of  Michigan.  Prior  to  the 
discovery  of  salt  deposits  around  the  Great  Takes,  the  future  of  the  industry 
seemed  hopeless,  but  with  the  development  of  the  salt  industry  and  its  use  by 
the  sheep  growers,  goiter  rapidly  decreased.  The  salt  contains  appreciable  quan- 
tities of  both  bromine  and  iodine  and  in  places  these  elements  are  extracted  on  a 
commercial  scale.  The  second  instance  of  goiter  prevention  on  a  large  scale 
was  in  brook  trout.  Some  years  ago  the  development  of  goiter  in  artificially 
raised  members  of  the  salmon  family  became  alarming  and  many  plants  were 
abandoned  on  account  of  the  disease.  After  considerable  work,  which  led  to 
the  conclusion  that  the  disease  was  simple  goiter,  we  were  able  to  completely 
prevent  the  disease  in  several  hatcheries,  by  the  use  of  very  small  amounts  of 
tincture  of  iodine  added  to  the  water."  Later  the  attemjit  was  made  to  substitute 
whole  sea  fish  for  part  or  all  of  the  diet,  which,  likewise,  i^rovcd  to  be,  from 
the  practical  point  of  view,  a  cheaper  and  simpler  method  of  complete  preven- 
tion.^ Similar  preventive  work  with  farm  stock  is  being  carried  out  under  our 
direction  in  some  of  the  valleys  of  British  Columbia,  where  goiter  was  so  preva- 
lent that  farmers  were  unable  to  raise  hogs,  cattle,  horses,  and  chickens  on  ac- 
count of  myxedema  (cretinism).  Similar  work  in  the  prevention  of  goiter  in 
hogs  was  recently  reported  by  Smith.''  He  was  able  to  completely  prevent  fetal 
myxedema  by  the  use  of  potassium  iodide  to  the  mother  during  pregnancy.  He, 
however,  used  quantities  far  in  excess  of  those  necessary  to  prevent  goiter  and 
myxedema.  In  spite  of  this  knowledge  of  the  ease  and  simplicity  of  goiter  pre- 
vention in  the  lower  animals,  we  know  of  no  instance  where  the  attempt  has 
been  made  to  systematically  prevent  or  control  the  disease  in  children  in  large 
communities,  especially  those  of  the  Great  Lakes  Basin,  where  goiter  is  so 
prevalent.  Locally,  we  have  been  carrying  out  preventive  treatment  for  the  past 
six  years  at  the  Lakeside  Hospital   Mcdicnl    Dispensary   and   have   urged   local 
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physicians  to  do  so  in  their  private  practices.  A  great  deal  has  been  accom- 
plished in  this  way,  but  as  it  is  a  public  health  matter  the  most  practical  and 
economic  method  would  be  to  utilize  the  Public  School  System  and  the  Board 
of  Health.  When  the  Medical  Inspection  of  Schools  is  more  or  less  independent 
of  the  Board  of  Health,  it  would  be  carried  out  through  the  Medical  Director 
of  Schools.  This  year  it  has  been  possible  to  begin  such  work  on  a  large  scale 
in  the  city  of  Akron,  through  the  cooperation  of  the  Superintendent  of  Schools, 
the  Board  of  Education,  and  the  County  Medical  Society. 

It  was  decided  for  the  present  to  limit  the  prophylactic  work  to  the  girl 
pupils,  since  adolescence  is  the  most  important  goiter  developing  period  and  since 
at  this  period  it  occurs  about  six  times  more  frequently  in  girls  than  in  boys. 

The  plan  now  in  operation  was  arranged  from  the  standpoint  of  simplicity, 
practicability,  economy,  and  the  possible  scientific  value  of  the  data  obtained. 
Changes  will  doubtless  be  made  as  the  work  progresses.  First  a  census  of  the 
condition  of  the  thyroid  gland  was  taken  of  all  girls  between  the  5th  and  12th 
grades  inclusive  and  the  findings  recorded  on  individual  cards,  of  which  the 
following  is  a  copy : 


No. 

Date 

Name 

School 

Age 

Wei 

ight 

Physical  Development 

Grade 

Class  Standing 

Tonsils-  Adenoids 

Thyroid 

1 

Simple 

2 

Adenomas 

3 

Thyroid-tract 

4 

Duration 

Remarks 

The  thyroid  examinations  of  all  pupils  were  made  by  a  single  examiner  in 
order  to  make  the  standards  used  constant  and  the  data  obtained  uniform.  It 
is  planned  to  take  the  census  each  year  in  the  same  way. 

For  the  prophylactic  treatment  we  have  selected  sodium  iodide  on  the 
grounds  of  economy  and  ease  of  administration.  Regarding  the  amounts  that 
should  be  given,  we  have  no  data  except  those  from  animal  experimentation.  As 
has  been  pointed  out  repeatedly,  exceedingly  small  amounts  of  iodine  are  needed. 
One  milligram  of  iodine  given  weekly,  by  mouth,  is  ample  to  prevent  goiter  in 
dogs.  In  all  our  dispensary  experiments  with  children  we  have  used  either 
syrup  of  hydriodic  acid  or  syrup  of  ferrous  iodide,  in  1  c.c.  doses,  daily  for  two 
to  three  weeks,  repeated  twice  yearly,  and  have  recommended  their  use  to 
clinicians  solely  because  they  were  the  only  U.  S.  P.  preparations  sufficiently 
dilute  to  offset  the  tendency  to  use  too  large  amounts. 

We  have,  therefore,  arbitrarily  selected  to  use  2  gm.  sodium  iodide,  given 
in  0.2  gm.  doses  each  school  day,  for  each  pupil  in  the  5th,  6th,  7th,  and  8th 
grades;  and  4  gm.  given  in  0.4  gm.  doses  each  school  day  for  each  pupil  in 
the  9th,  10th,  11th,  and  12th  grades.  These  amounts  will  be  given  twice  annually 
about  the  first  of  May  and  December,  at  the  schools  by  the  teachers  or  nurses. 
Bottles  were  distributed  to  the  several  schools,  containing  the  solutions  (0.2  gm. 
Nal  in  5  c.c.  H.O  and  0.4  gm.  in  5  c.c.  H^O)  in  sufficient  amounts  to  give  each 
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pupil  electing  to  take  the  prophylactic  treatment  a  total  of  50  c.c.  A  record  was 
made  both  of  those  who  took  the  treatment  and  of  those  who  did  not.  All 
pupils  will  be  examined  annually  and  the  thyroid  conditions  recorded.  These 
amounts  of  sodium  iodide  provide  approximately  1700  (1692)  mg.  of  iodine  for 
each  pupil  of  the  5th,  6th,  7th,  and  8th  grades  and  approximately  3400  (3384) 
mg.  for  the  9th,  10th,  11th,  and  12th  grades.  When  one  recalls  that  25  to  30 
mg.  saturates  the  normal  thyroid  of  20  to  25  gm.  and  that  the  thyroid  has  an 
extraordinary  affinity  for  iodine,  it  seems  like  a  prodigious  waste  and  we  be- 
lieve it  is.  The  amounts  used  at  the  start  were  purposely  made  excessive  to 
provide  for  any  unknown  factors  and  will  probably  be  materially  reduced. 

Analysis  of  the  Thyroid  Examinations. — Three  thousand  eight  hundred  and 
seventy-two  girls  of  the  5th,  6th,  7th,  8th,  9th,  10th,  Uth  and  12th  grades  were 
examined  and  the  general  result  is  given  in  the  following  tabulation. 


Table  I. 
Condition  oe  Thyroid  Gland. 

NORMAL 

SLIGHT 

enlarge- 
ment 

MODERATE 
ENLARGE- 
MENT 

MARKED 

ENLARGE- 
MENT 

ADENOMAS 

THYROID- 
TRACT 

(persistent) 

Total 
Per  cent 

1688 
43.59 

1931 
49.88 

246 
6.35 

7 

0.18 

39 
1.01 

594 
13.4 

The  thyroid  glands  were  examined  from  the  standpoint  of  normals,  slight, 
moderate,  and  marked  enlargements,  adenomas,  persistent  thyroglossal  tracts 
and  the  pupils  for  gross  manifestations  of  myxedema,  and  exophthalmic  goiter. 
No  obvious  case  of  either  myxedema  or  exophthalmic  goiter  was  found. 

Under  normal  we  have  included  all  glands  (a)  which  are  not  visible  as  a 
bulging  of  the  skin  across  the  trachea  (b)  having  a  barely  detectable  band  of 
thyroid  tissue  across  the  trachea  on  palpation  and  (c)  absence  of  well-defined 
thyroglossal  stalk  (so-called  pyramidal  process). 

Those  cases  with  enlarged  thyroids  have  been  divided  into  three  arbitrary 
groups  (1)  slight,  (2)  moderate  and  (3)  marked  enlargement.  Under  slight 
enlargement  we  have  grouped  those  cases  with  (a)  visible  bulging  of  the  skin 
over  the  thyroid  isthmus  (except  in  the  very  stout  children)  and  (b)  a  widened 
and  thickened  isthmial  band  or  mass  on  palpation.  If  the  isthmus  can  not  be 
seen  or  felt,  it  can  lie  felt  by  having  the  child  swalhnv,  while  the  f.nger  or  tliunil) 
is  held  against  the  trachea  just  below  the  cricoid  cartilage. 

Under  moderate  enlargement  we  have  grouped  those  with  gross  deformity 
— bulging  of  tlie  neck  laterally  from  the  enlarged  lobes  and  marked  bulging  of 
the  skin  anteriorly  from  the  enlarged  isthmus.  In  approximately  93  per  cent 
the  right  lobe  was  larger  than  the  left,  which  is  about  the  usual  percentage. 

Under  marked  enlargement  we  have  grouped  those  cases  with  excessive  de- 
formity. One  thousand  six  hundred  and  eighty  eight,  or  43.5*)  per  cent,  of  all  pu- 
pils examined  were  classed  as  normal;  1931,  or  49.88  per  cent,  were  classed  as 
slightly  enlarged;  246,  or  6.35  per  cent,  were  classed  as  moderately  enlarge  1  (none 
of  which  had  been  operated  upon)  ;  7,  or  0.18  j^er  cent,  were  classed  as  markedly 
enlarged,  of  which  two  had  been  ojjcrated  upon.     This  gives  as  totals  2184,  or 


44 


THE    JOURNAL   OF    LABORATORY   AND   CLINICAL    MEDICINE 


56.41  per  cent  with  enlarged  thyroids  and  1688,  or  43.59  per  cent,  with  normal 
thyroids.  In  39  cases,  or  1.01  per  cent,  adenomas,  single  or  multiple,  were  de- 
tected. The  smallest  was  approximately  2  cm.  in  diameter  and  the  largest  about 
6  cm.  These  figures  are  of  little  value,  since  they  include  only  the  large  super- 
ficial and  favorably  located  ones. 

The  thyroglossal  tract  when  present  is  very  readily  detected,  either  slightly 
to  the  right  or  left  of,  and  rarely  in,  the  midline.  Only  those  which  extended 
to  the  base  of  the  thyroid  cartilage  were  included.  In  many  it  was  palpable  to 
the  hyoid  bone.  The  very  small  pyramidal  processes  ending  below  the  cricoid 
cartilage  were  not  included.  Five  hundred  ninety-four,  or  13.4  per  cent,  of  the 
cases  had  well-defined  thyroid  stalks.  Physiologically  the  presence  of  thyroid 
tissue  in  the  line  of  descent  of  the  embryologic  thyroid  anlage  indicates  that  the 
gland  had  undergone  enlargement  in  intrauterine  life,  whereas  normally  the 
tract  undergoes  absorption  beginning  according  to  His^°  in  the  second  month. 
The  presence  of  large  amounts  of  thyroid  tissue  about  the  foramen  cecum — the 
so-called  lingual  thyroid — or  of  large  masses  between  the  hyoid  bone  and  thyroid 
cartilage — so-called  infrahyoid  thyroids — are  of  the  same  significance.  Exclud- 
ing the  rare  congenital  defects  in  the  thyroid  anlage,  the  amount  of  thyroid  tissue 
in  the  line  of  descent  of  the  thyroid  gland  may  be  used  to  determine  the  degree 
of  normality  of  the  thyroid  gland  in  intrauterine  life  and  as  first  pointed  out  by 
Streckeisen^^  it  is  an  excellent  index  for  determining  the  extent  and  degree  to 
which  a  given  district  is  afifected  with  simple  goiter.  At  Basel  he  found  about 
79  per  cent  of  the  cases  coming  to  postmortem  examination  had  persistent  thyro- 
glossal  stalks.     If  the  district  is   extremely  goitrous   and  the  mothers   are   not 
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Fig.  2. 


noimals;    slig'it    enlargements;    -o-o-o-o-    moderate    enlargements; 

-/-/-/  /-   to'al    enlargements. 
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fed  iodine  during  pregnancy,  practically  all  children  should  have  large  persistent 
thyroglossal  tracts.  If  the  district  is  nongoitrous  (e.g.,  sea  coast  regions)  very 
few  children  will  have  persistent  thyroglossal  tracts. 

Following  the  analysis  further,  the  condition  of  the  thyroid  in  relation  to 
grades  is  shown  in  Table  II  and  the  accompanying  curve  chart  (see  Fig.  1); 
and  in  relation  to  age,  in  Table  III  and  accompanying  curve  chart  (see  Fig.  2). 

Table  II. 
Condition  op  Thyroid  Arranged  by  Grades. 


Grades 

5 

6 

7       1 

8        1         9       II        10       1        11 

i        12 

•"  m 

^+^    m 

*4-i    rn 

**-■    Vi 

^ 

,«)-i  ,„ 

<4-< 

• 

o  S 

.    CO 

O  rt 

% 

d  rt 

% 

d  a 

% 

o  ss 

%        6  I 

%      dS 

% 

% 

% 

^U 

;5U 

iz;'-' 

^u 

^^ 

^u 

'^U 

ISO 

Normal 

410151.77 

354  45.90 

269140.0 

206140.47   191142.92 

124140.00 

76136.02 

58136.02 

Slightly 

1 

1 

1 

1 

1 

1 

1 

Enlarged 

350144.20 

388150.33 

360153.49 

271  53.24 

215148.31 

155150.00 

112153.08 

80149.70 

Moderately 

1 

1 

1 

1 

1 

1 

1 

Enlarged 

311  3.90 

29    3.76 

431  6.39 

311  6.09 

38    8.54 

301  9.68 

23110.90 

21113.04 

Markedly 

1 

1- 

1 

1 

1 

1 

Enlarged 

1    0.13 

1 

1|.  0.14 

11  0.20 

11  0.23 

11  0.32 

21  1.24 

Totals 

792120.45* 

771119.91 

673117.38 

509113.15 

445111.5 

3101  8.0 

2111  5.45 

1611  4.16 

Adeno- 

1 

1 

1          1 

1 

1 

1       1 

mas** 

3   0.13 

3   0.13 

71  0.32 

61  0.28 

81  0.36' 

61  0.28 

51  0.22 

11  0.04 

•Percentage  of  total  pupils  examined  3872. 
**Adenoma  percentage  figured  from  the  total  enlarged  thyroids  2184. 


Table  III. 
Condition  of  Thyroid  Arranged  According  to  Ages. 


Age 

10-12 

12-14         1 

14-16 

16-18 

18-20 

No.  of 
Cases 

% 

No.  of 
Cases 

% 

No.  of 
Cases 

% 

No.  of 
Cases 

156 

235 
60 

2 

% 

No.  of 
Cases 

% 

Normal 

Slightly 

Enlarged 

Moderately 

Enlarged    ■ 

Markedly 

Enlarged 

530 
394 

21 

56.08 

41.69 

2.22 

521 

680 
59 

1 

1261 
11 

41.32 

53.92 

4.68 

0.08 

32.56 
0.52 

460 

578 

98 

4 

40.35 

50.70 

8.6 

0.35 

34.44 

51.88 

13.24 

0.44 

21 

44 

8 

28.77 
60.27 
10.96 

Totals 
Adenomas 

945 

2 

24.41* 
0.01** 

1140 
18 

29.44 
0.84 

453 
8 

11.70 
0.39 

73 

1.89 

•Percentage  of  total  pupils. 
••Percentage  of  total  enlarged  thyroids. 


The  most  rapid  increase  in  the  number  of  slight  enlargements  occurs  be- 
tween the  5th  and  8th  grades.  This  corresponds  very  closely  with  the  rapid 
increase,  between  the  10th  and  14th  years.  The  average  age  of  the  5th  grade 
pupils  was  10  years.  Less  than  2  per  cent  of  the  5th  grade  were  under  10  years 
and  they  were  tabulated  in  the  10  to  12  age  group. 

The  age  group  18  to  20  contains  less  than  2  per  cent  of  the  total  pupils,  and 
while  tabulated  for  the  sake  of  completeness,  the  percentages  are  doubtless 
higher  than  the  normal  average  for  this  age  and  properly  belong  to  a  special 
group  with  lower  mental  activity.  The  relation  of  thyroid  enlargement  to  re- 
tarded mental  development  is  an  important  subject,  but  our  available  data  do 
not  permit  of  further  discussion  at  present. 
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DISCUSSION 

The  most  valuable  and  accurate  data  of  the  incidence  of  goiter  in  America 
can  be  obtained  from  examinations  of  the  public  school  population,  because,  in 
the  first  place  it  covers  the  most  important  ages  when  goiter  develops ;  secondly, 
it  gives  the  most  complete  census ;  and  thirdly,  no  additional  expense  or  addi- 
tional eflfort  is  necessar}\  Up  to  the  present  time  no  organized  and  systematic 
effort  has  been  made  in  this  country  to  study  the  incidence  of  goiter  in  the 
school  populations  of  large  communities,  even  in  the  Great  Lakes  Basin — the 
largest  and  most  densely  populated  of  all  goiter  districts  of  North  America. 

The  report  by  HalP-  of  the  examination  of  3339  students  at  the  University 
of  Washington  is  the  most  extensive  available  in  American  literature.  Of  the 
2086  men  with  the  average  age  of  20  years  and  5  months,  he  found  374,  or  17.93 
per  cent,  with  enlarged  thyroids;  272,  or  13.03  per  cent,  classed  as  perceptible;  92, 
or  4.43  per  cent,  classed  as  medium  ;  and  10,  or  0.48  per  cent,  classed  as  large.  Of 
the  1253  women,  w^ith  the  average  age  of  19  years  and  3  months,  he  found  388, 
or  30.98  per  cent,  with  enlarged  thyroids;  294,  or  23.45  per  cent,  classified  as 
perceptible;  85,  or  6.79  per  cent,  classified  as  medium;  and  9,  or  0.7  per  cent, 
classified  as  large.  These  figures  demonstrate  clearly  the  prevalence  of  goiter 
in  the  northw^estern  states.  The  group  is  too  selective  and  the  ages  too  ad- 
vanced to  give  an  average  incidence  percentage,  because  (a)  the  greatest  inci- 
dence occurs  during  puberty,  (b)  a  certain  percentage  of  enlargements  recede 
below  the  level  of  clinical  detectability  spontaneously  and  (c)  a  small  percentage 
would  have  receded  because  of  iodine  feeding. 

In  the  Great  Lakes  Basin,  Olsen^^  reports  the  examination  of  606  women 
and  193  men,  presumably  between  the  ages  of  18  and  60,  at  Chicago.  Among 
the  women,  he  found  an  average  of  17.87  per  cent  affected  and  among  the  men 
6.72  per  cent.  The  figures  emphasize  the  frequency  of  thyroid  enlargements, 
though  they  are  very  much  lower  than  would  be  obtained  from  a  similar  num- 
ber of  examinations  during  the  school  age,  on  account  of  the  factors  of  spon- 
taneous or  induced  regression  of  the  thyroid  enlargements  and  of  migrations 
from  nongoitrous  districts,  which  his  figures  necessarily  include. 

In  Europe  the  statistics  of  Schittenhelm  and  Weichardt^*  deal  with  the  in- 
cidence of  goiter  in  the  school  populations  of  certain  districts  of  Bavaria,  where 
goiter  is  prevalent.  Using  very  liberal  standards,  they  report  incidences  as  high 
as  17  and  89  per  cent  of  the  school  population  affected. 

In  the  Vosges  mountains  of  eastern  France  and  Alsace,  MacAuliflfe^^  has 
recently  reported  the  examination  of  2311  children  between  the  ages  of  2  and 
15  years.  He  found  288,  or  12.5  per  cent,  affected.  A  comparison  of  our  data 
with  the  data  cited  above  is  not  possible.  We  use  a  much  more  rigid  standard 
of  normal,  both  clinically  and  anatomically.  Anatomically,  the  strictly  normal 
gland  does  not  exceed  0.5  gm.  thyroid  per  kilo  of  body  weight,  though  many 
European  writers,  especially  those  in  the  Alpine  goiter  districts,  allow^  as  much 
as  1.0  gm.  per  kilo.  In  dogs,  the  normal  thyroid  gland  does  not  exceed  0.3  gm. 
per  kilo.  Clinically,  in  the  normal  gland  the  isthmus  can  barely  be  felt,  but  the 
lateral  lobes  can  not  be  felt. 

The  question  of  the  production  of  exophthalmic  goiter  by  the  use  of  iodme 
may  be  mentioned  briefly.     Some  Swiss  writers,  like  Oswald^"  take  the  extreme 
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view  that  iodine  should  never  be  used  in  goiter,  because  of  the  danger  of  pro- 
'  ducing  exophthalmic  goiter.  Pineles^^  and  Kocher^^  take  the  more  moderate 
ground  that  iodine  should  be  given  cautiously  to  neurotic  individuals  with  goiter. 
Our  experience  has  led  us  to  the  conclusion  that  the  risk  of  inducing  manifesta- 
tions of  exophthalmic  goiter  from  the  use  of  iodine  in  physiologic  doses  is 
exceedingly  small,  even  in  those  cases  with  large  hyperplastic  thyroids ;  i.  e.,  the 
kind  of  thyroid  enlargement  which  would  permit  of  the  most  rapid  formation 
and  excretion  of  the  iodine-containing  hormone.  The  extent  to  which  iodides 
are  used  in  general  medicine  and  surgery  and  the  rarity  of  the  development  of 
signs  of  exophthalmic  goiter  is  the  best  index  of  the  danger.  Iodine  is  usually 
employed  in  immensely  large  doses ;  0.2  to  0.4  gm.  Nal  daily  for  2  weeks  would 
offer  a  great  excess  over  the  amounts  necessary  to  saturate  even  the  largest  thy- 
roids and  probably  much  smaller  amounts  would  suffice  in  man,  as  it  has  been 
proved  to  do  in  the  lower  animals. 

While  the  danger  of  causing  symptoms  of  exophthalmic  goiter  probably 
varies  with  the  size  and  degree  of  active  hyperplasia,  all  authors  agree  that  the 
important  factor  in  determining  such  symptoms  lies  outside  the  thyroid,  either 
in  the  nervous  system,  or  some  gland  like  the  adrenal,  and  antedates  any  thyroid 
changes.  Klose^^  has  reported  the  production  of  exophthalmic  goiter  in  nervous 
fox  terrier  dogs,  by  the  injection  of  sodium  or  potassium  iodide  in  0.6  gm.  doses 
per  kilo.  Those  experiments  were  soon  discredited  by  the  work  of  Borden- 
hewer-°.  No  one  else  has  suggested  any  danger  from  the  use  of  iodides  in  the 
case  of  nongoitrous  individuals,  except  the  well-known  acute  iodism,  which  af- 
fects a  small  percentage  of  people,  and,  so  far  as  known,  is  not  related  to  thy- 
roid activity.  Cases  with  definite  manifestations  of  exophthalmic  goiter  should 
not  be  given  iodine,  although  there  are  cases  (or  better,  stages)  of  the  disease 
which  are  distinctly  benefited  by  iodides. 

The  use  of  desiccated  thyroid  has  well-known  dangers  after  adolescence — 
mainly  because  of  the  large  doses  used.  Both  economically  and  practically,  it 
would  not  be  suitable  for  general  use,  as  a  prophylactic  agent. 

SUMMARY 

In  a  complete  census  of  the  condition  of  the  thyroid  gland  in  the  girls  from 
the  5th  to   12th  grades  of  the  school   population  of  a  large  community  in  the  ■ 

Great  Lakes  goiter  district,  it  was  found  that  1688,  or  43.59  per  cent  had  nor- 
mal thyroids;  2184,  or  56.41  per  cent,  had  enlarged  thyroids;  and  594,  or  13.4 
per  cent,  had  well-defined,  persistent  thyroglossal  stalks.  The  community  lies 
near  the  southern  edge  of  the  goiter  district  and  it  is  suggested  that  communities 
near  the  lakes  would  show  a  higher  incidence.  The  method  of  prophylaxis  pro- 
posed is  in  operation. 
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TRANSPLANTATION  OF  THE  THYMUS  IN  RABBITS-RELATION 
OF  THE  THYMUS  TO  SEXUAL  MATURITY 


By  David  Marine,  M.D.,  and  O.  T.  Manley,  M.D.,  Cleveland,  Ohio. 


THE  objects  of  these  experiments  were  to  obtain  more  definite  data  on  the 
transplantability  of  the  thymus;  and  if  transplantable  in  accessible  locations, 
to  utiHze  this  means  of  studying  its  behavior  in  relation  to  sexual  maturity  and 
breeding. 

The  thymus  normally  undergoes  a  striking  atrophy  or  involution  at  puberty. 
It  seems  weW  established  by  the  work  of  Paton  and  Goodall,  Henderson,  Cal- 
zolari  and  others,  that  removal  of  the  gonads  before  puberty  delays  thymus  in- 
volution ;  that  thymus  removal  hastens  sexual  maturity  in  rabbits ;  and  that  ani- 
mals allowed  to  breed  show  earlier  thymus  involution  than  those  not  so  used. 

In  our  experiments,  we  have  removed  all  the  main  thymus  mass  (exposing 
the  gland  by  splitting  the  sternum  to  the  third  rib)  except  the  upper  portion  of 
one  of  the  cervical  cornua,  and  have  transplanted  small  (2  to  3  mm.)  fragments 
into  the  subcutaneous  tissue  of  the  abdomen.     Contrar\^  to  the  results  of  Renton 
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that  transplants  in  the  subcutaneous  tissues  did  not  survive,  we  have  found  that 
it  can  be  readily  transplanted  in  this  location  in  sexually  immature  rabbits. 
Whether  the  peritoneal  or  subperitoneal  tissues  are  still  more  favorable,  as  some 
authors  state,  we  have  no  data. 

As  with  the  spleen,  only  autotransplants  have  survived.  Immediately  after 
thymectomy,  as  above  described,  two  autotransplants  were  placed  in  the  sub- 
cutaneous tissue  of  the  abdomen  of  each  of  8  rabbits.  Each  rabbit  was  between 
ihree  and  one-half  and  four  months  old.  Six  of  these  rabbits  have  been  observed 
for  three  months,  and  the  transplants  examined  directly  at  monthly  intervals. 
Two  females  were  kept  with  one  of  the  males.  Examination  at  the  end  of  the 
first  month  showed  that  both  were  pregnant,  which  is  earlier  than  rabbits  usually 
breed.  At  the  gross  examination,  the  transplants  in  all  three  seemed  negative, 
though  the  enlarging  breasts  made  the  examinations  unsatisfactory.  One  trans- 
plant area  was  removed  from  each  and  examined  histologically.  In  one  female, 
there  was  an  active  transplant,  while  in  the  other  female  and  the  male  the  trans- 
plants had  undergone  nearly  complete  absorption.  Of  the  remaining  five,  two 
died  before  the  end  of  the  first  month.  The  remaining  three,  (two  females  and 
one  male)  had  active  transplants,  the  male  and  one  female  having  large  4  mm. 
Itransplants,  showing  clearly  that  growth  had  occurred. 

At  the  beginning  of  the  second  month,  the  female  with  the  large  thymus 
transplants  was  bred,  and  at  the  end  of  the  second  month  these  transplants  could 
not  be  found,  though  on  account  of  the  lactating  breasts  the  examination  was 
not  satisfactory.  The  male  with  large  transplants  at  the  end  of  the  first  month 
had  active  transplants,  possibly  larger  than  at  the  first  examination.  The  unbred 
female  also  had  active  transplants. 

Again  at  the  examination  after  three  months,  the  male  and  female  (now 
over  seven  months  old)  kept  isolated,  still  had  active  transplants.  One  from 
each  was  removed  for  histologic  examination.  Microscopically,  these  are  en- 
capsulated vascular  masses  of  compact  lymphoid  tissue.  There  is  no  increase  in 
fibrous  tissue  about  thymus  transplants  as  is  usually  seen  around  spleen  grafts. 

The  remaining  four  (used  for  breeding)  were  also  examined  at  the  end 
of  three  months,  and  the  five  remaining  transplant  areas  removed.  Definite  but 
small  masses  of  thymus  lymphoid  cells  were  found  in  two. 

These  experiments,  which  are  preliminary,  show  that  in  sexually  immature 
rabbits,  fragments  of  thymus  autotransplanted  into  the  subcutaneous  tissue  of 
the  abdomen  after  thymectomy  may  "take,"  grow,  and  survive.  There  is  clear 
though  scant  evidence  in  confirmation  of  other  observers'  results,  that  thymus 
removal  hastens  sexual  maturity.  Also,  as  others  have  found,  utilization  of 
rabbits  for  breeding  hastens  involution  of  the  thymus.  Our  experiments  show 
that  this  applies  to  the  transplanted  thymus  as  well,  and  tliis  suggests  that  a 
specific  nerve  influence  is  not  essential  for  these  in\()hilii)n;iry  changes. 


ON  THE  COMPLEMENT-FIXATION  TEST  IN  TUBERCULOSIS  WITH 
BESREDKA'S  ANTIGEN* 


By  J.  Broxfenbrenxer,  Ph.D.,  Boston,  Mass. 


T)  EFERRING  to  the  value  of  auscultation  as  an  aid  in  early  diagnosis  of 
-'-*'  the  tuberculosis,  Laennec  wrote  in  the  preface  to  his  capital  work,  "I  may 
say  that  no  one  who  has  made  himself  expert  with  this  method  will  have  occa- 
sion to  say  with  Baglivi,  'Oh,  how  difficult  it  is  to  diagnose  the  disease  of  the 
lungs.'  " 

In  spite  of  the  great  contribution  rendered  by  Laennec  himself,  in  spite 
even  of  the  epoch-making  discovery  of  Koch,  the  early  diagnosis  of  tubercu- 
losis is  still  a  problem  to  be  solved,  even  as  it  was  one  hundred  years  ago  in  the 
days  of  Laennec. 

The  difficulties  confronting  the  students  of  tuberculosis  are  many :  but 
essentially  the  problem  is  difficult  because  of  the  extreme  pleomorphism  of  clini- 
cal manifestations  of  tuberculosis  and  because  of  peculiar  lack  of  uniformity  in 
the  course  of  this  disease  in  different  individuals  affected,  depending  on  their 
susceptibility  or  individual  resistance,  which  are  often  subject  to  temporary 
fluctuations. 

Although  methods  for  the  early  diagnosis  of  tuberculosis  are  still  wanted, 
the  wide  distribution  of  this  disease  is  fairly  well  established.  In  fact,  tuber- 
culosis, not  unlike  syphilis,  must  be  constantly  kept  in  mind  in  making  a  diag- 
nosis, whatever  may  be  the  clinical  picture  of  the  case. 

Unfortvmately,  the  manifestations  of  syphilis,  are  no  less  pleomorphic  than 
those  of  tuberculosis,  and  in  many  instances  they  may  amazingly  simulate  the 
clinical  picture  met  with  in  tuberculosis.  In  cases  where  material  for  bacterio- 
logic  diagnosis  of  tuberculosis  is  not  at  hand,  Wassermann  reaction  is  practi- 
cally the  only  method  for  the  differential  diagnosis.  However,  as  the  Wasser- 
mann test  itself  is  not  absolutely  specific,  and  as,  on  the  other  hand,  it  is  not 
always  present  even  in  the  cases  with  definite  signs  of  lues,  this  test  does  not 
offer  an  absolute  means  of  differentiation  between  the  two  conditions. 

In  the  quest  for  a  reliable  method  for  a  diagnosis  of  tuberculosis,  numerous 
investigators  repeatedly  attempted  to  apply  the  new  methods  used  in  diagnosis 
of  other  infectious  diseases,  but  their  attempts  were  crowned  with  partial  suc- 
cess only.  The  use  of  agglutination  precipitation,  miostagmin  or  epiphanin  reac- 
tions was  found  to  be  of  little  diagnostic  value. 

The  remarkable  usefulness  of  Wassermann  reaction  especially  stimulated 
the  efforts  of  numerous  investigators  along  the  lines  of  application  of  Bordet 
and  Gengou  reaction  to  the  diagnosis  of  tuberculosis.  The  earlier  efforts  along 
this  line  were  not  very  encouraging.  This  could  be  due  to  several  causes.  It  is 
possible  that  (due  to  the  walled-off  nature  of  the  lesions  and  the  slow  process  of 
the  disease  in  certain  cases)  there  may  be  none  or  a  very  small  amount  of  im- 
mune bodies  present  in  the  circulation.     Moreover,  the  concentration  of  circulat- 


*From    the    Department    of    Preventive    Medic'ne.    Harvard    Univprsity    Medical    School. 
Read  before   Laennec    Society    of   the  Johns   Hopkins   Hospital,    Feb.    26,    1917. 
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ing  antibodies  is  subject  to  constant  and  quite  marked  daily  fluctuation  in  the 
same  patient.  Besides,  the  antibodies  in  tuberculosis  may  not  be  to  any  great 
extent  of  the  nature  of  amboceptor.  Again  tuberculous  amboceptor,  as  sug- 
gested by  Davidowitch,  may  be  more  thermolabile  than  most  others,  and  since 
complement  deviation  is  usually  performed  with  inactivated  serum,  the  ambo- 
ceptor may  be  largely^  destroyed  in  heating;  thus  the  amount  remaining  in  the 
serum  may  not  be  large  enough  to  be  detected  even  by  the  delicate  method  of 
complement  fixation. 

In  addition  to  the  difficulties  due  to  the  apparent  peculiarity  of  the  immune 
processes  in  tuberculous  individuals  and  resulting  variations  in  concentration  of 
specific  amboceptors  the  lack  of  proper  antigens  seems  to  have  been  greatly 
responsible  for  the  irregularity  in  the  results  obtained  by  the  different  authors  in 
their  study  of  the  complement  fixation  in  tuberculosis.  The  study  of  the  litera- 
ture on  this  subject  reveals  the  fact  that  suspensions  of  living  or  dead  bacteria 
were  found  most  reliable  of  all  the  different  antigens  used,  but  even  with  such 
antigens  the  results  obtained  were  not  entirely  satisfactory.  In  1913,  Besredka 
succeeded  in  cultivating  tubercle  bacilli  on  an  entirely  new  medium.  The  fact 
that  on  this  medium  the  organism  showed  some  hitherto  unknown  properties  in- 
duced him  to  try  the  antigenic  properties  of  his  new  cultares  for  the  complement- 
deviation  test.  Successful  results  obtained  by  Besredka  and  Manoukhine  in 
their  preliminary  experiments  were  fully  confirmed  in  several  laboratories.  It 
was  found  that  the  complement  deviation  with  Besredka's  tuberculin  gives  a 
very  high  (90  to  95  per  cent)  percentage  of  positive  results  in  cases  of  clinical 
tuberculosis  and  at  the  same  time  the  occurrence  of  the  reaction  in  cases  in 
which  tuberculosis  could  not  be  detected  clinically,  was  limited  to  less  than  10 
per  cent. 

The  antigen  of  Besredka  consists  of  autoclaved  filtered  culture  of  tubercle 
bacillus  grown  on  a  new  liquid  medium,  composed  of  alkaline  broth  to  which  is 
added  egg  white  and  egg  yolk.^ 

As  this  medium  can  not  be  made  in,  large  quantities  on  account  of  its  rapid 
deterioration  and  has  to  be  made  fresh  every  time,  the  composition  of  the  antigen 
made  from  it  may  vary  in  different  batches.  First  of  all,  the  chemical  com- 
position of  individual  eggs,  and  consequent  variations  in  the  amount  of  alkali 
necessary  for  suitable  clarification,  vary  to  a  marked  degree.  Besides  directly 
affecting  the  chemical  composition  of  the  antigen,  these  fluctuations  in  the  medium 
may  also  at  times  enhance  or  inhibit  the  growth  of  bacteria  and  thus  still  further 
influence  the  respective  values  of  different  batches  of  tuberculin  for  complement 
fixation.^ 

Another  important  source  of  variation  was  found  in  the  apparent  strain 
specificity   displayed  by   different  tuberculous  sera.     It   is  easy   to  demonstrate 

*It  is  known   that  about   50  per  cent   of  hemolytic   aiiilioceptor  is   destroyed   Uy   inactivation. 

^This  medium  is  made  in  the  following  way:  J''ach,  white  and  yolk  of  an  egg  arc  diluted  with  ten 
volumes  of  water  and  filtered  through  a  hard  paper  (Chardin).  Tlic  yolk  solution  is  carefully  clarified 
by  the  gradual  addition  of  sodium  hydroxide.  lioth  solutions  are  autoclaved  and  kept  se|)arate.  Just  before 
using,  one  mixes  10  vcjlumes  of  the  sterile  alkaline  ve.il  infusion  (prepared  wuhinil  penliinc,  salt,  or 
glycerin)  with  two  volumes  of  the  sterile  egg  white  solution  and  one  vohune  of  the  sterile  clarified  egg 
yolk  solution.  This  mixture  is  placed  in  sterile  tubes  and  is  used  without  further  sterilization.  As  this 
medium  deteriorates  on  standing,  it  should  be  made  fresh  each  time.  Our  experience  fully  confirmed  the 
statement  of  Besredka  about  the  rapid  growth  of  certain  strains  of  tubercle  bacillus  on  this  medium. 
It  is  true,  not  all  the  strains  seem  to  grow  with  equal  facility,  but  certain  strains,  like  11-46,  11-48  from 
Dr.  Baldwin,  H-12,  H-29,  H-31,  from  Dr.  Theobold  Smith,  R-3  from  Dr.  Paul  Lewis,  and  11-389  from 
Dr.   W.    H.    Park   showed   very   definite   growth   within    the   first   few   days  after   planting. 
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that  certain  tuberculous  sera  may  fix  the  complement  in  the  presence  of  certain 
selected  samples  of  Besredka  and  other  antigens.  It  is  thus,  that  among  50 
cases  of  diagnosed  tuberculosis  only  in  18  we  found  fixation  with  every  one  of 
the  three  samples  of  Besredka's  tuberculin.  In  26  cases  we  obtained  fixation 
with  two  samples  out  of  three  and  in  two  cases  the  fixation  was  obtained  with 
one  sample  of  tuberculin  only.*  That  the  selective  fixation  with  different  anti- 
gens is  due  to  the  strain  specificity  and  not  to  some  technical  error  is  evidenced 
by  the  fact  that  in  many  instances  in  which  sera  were  examined  repeatedly  the 
results  of  such  examinations  invariably  confirmed  the  selective  tendency  on  the 
part  of  the  sera.^ 

The  greatest  and  most  important  source  of  variations  in  the  antigenic  value 
of  different  batches  of  Besredka's  tuberculin  lies,  however,  in  another  direction. 
Already  in  the  beginning  of  the  study  it  appeared  that  a  number  of  sera  giving 
a  positive  Wassermann  reaction  often  showed  fixation  with  Besredka's  tuberculin 
also.  As  not  in  all  of  these  cases  one  could  find  clinical  evidence  of  tuberculosis, 
the  first  explanation  for  this  coincidence  of  the  reactions,  naturally  was  that 
the  sera  of  syphilitics,  having  high  lipotropic  coefficient,  fixed  the  complement 
also  with  the  tuberculin  of  Besredka  on  account  of  lipoids  contained  in  it.  The 
study  of  a  number  of  sera  giving  a  positive  Wassermann  reaction  with  this  point 
in  mind  showed,  however,  that  the  complement-deviation  test  with  Besredka's 
antigen  is  not  lipotropic  in  nature.  Whenever  present  in  serums  possessing  high 
lipotropic  property,  it  depends  on  the  presence  of  a  separate  antibody  having  its 
own  index  different  from  the  lipotropic  index  in  the  same  serum.  Moreover, 
when  the  serum  deviates  the  complement  in  presence  of  both  Besredka's  tuber- 
culin and  pure  lipin  antigen,  each  of  the  two  antibodies  can  be  exhausted  from 
such  serum  independently  of  each  other.  On  the  other  hand,  Besredka's  tuber- 
culin can  be  freed  of  its  lipins  without  losing  its  property  to  fi:x  complement 
in  presence  of  tuberculous  sera.  The  lipins  may  be  extracted  by  fat  solvents,  but 
the  easiest  method  was  found  to  be  that  of  separation  of  the  protein  fraction  by 
precipitation.® 

The  presence  in  the  same  serum  of  the  property  to  fix  complement  with 
both  antigens  independently  can  be  reproduced  in  experimental  animals.  When 
present  in  human  beings  (as  well  as  in  animals),  the  lipotropic  antibody  dis- 
appears under  salvarsan  treatment,   whereas   the  tuberculous  antibody  persists 

The  high  percentage  of  negative  reactions  among  clinically  nontuberculous 
(92  per  cent),  together  with  the  other  proofs  of  the  high  degree  of  specificity 


'This  consideration  should  be  given  a  great  deal  of  attention,  as  some  of  the  batches  of  antigen 
sent  to  us  by  Besredka  were  more  anticomplementary  than  others  without  being  more  antigenic;  hence 
it  is  necessary  to  vary  the  amounts  of  tuberculin  used  for  the  test  with  each  batch   of  antigen. 

*Among  4000  sera  examined  in  collaboration  with  J.  Rockman  and  M.  J.  Schlesinger,  with  a  view 
of  establishing  the  nature  of  these  variations  in  the  respective  fixing  power  of  different  samples  of 
Besredka's  antigen,  the  reaction  was  found  positive  with  one  or  more  samples  of  this  tuberculin  in  232  in- 
stances. Each  of  the  232  serums  thus  selected  was  reexamined  with  seven  different  preparations  of  tuber- 
culin. We  found  that  in  167  cases  (or  72%)  out  of  232  the  fixation  was  obtained  with  at  least  four 
antigens  out  of  seven  used.  Out  of  the  remaining  65  cases,  in  23  at  least  two  tuberculins  fixed  the 
complement,  and  in  12  cases  the  crude  tuberculin  of  the  New  York  Board  of  Health  was  the  only 
one  confirming  the  results  obtained  with  the  tuberculin  of  Besredka.  In  30  cases  out  of  this  total  of 
232,    the    fixation    occurred    only    with    the    tuberculins    of    Besredka. 

"The  existence  of  strain  specificity  in  tuberculosis  may  be  one  of  the  contributing  factors  in  causing 
much  variation  in  the  results  obtained  by  different  investigators  in  the  complement-deviation  test  for 
diagnosis  of  tuberculosis. 

*Such  precipitation  of  the  antigenic  fraction  of  tuberculin  also  offers  the  possibility  of  using  a 
standard  number  of  units  of  antigen  and  thus  eliminating  variatons  due  to  the  quantitative  differences  in 
specific  properties  of  different  samples  of  tuberculin,  without  increasing  the  chance  of  obtaining  lipotropic 
reactions. 
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of  this  reaction,  seem  to  indicate  that  the  comparatively  frequent  simultaneous 
occurrence  of  the  complement-deviation  test  with  Besredka's  antigen  and  the 
Wassermann  reaction  in  syphilitics  is  not  due  to  some  technical  error/  In 
fact  the  study  of  a  number  of  cases  from  this  point  of  view  brings  out  some 
very  interesting  statistics.  Thus  Jones,^  subjecting  to  the  Wassermann  test  251 
unselected  cases  coming  to  the  public  tuberculosis  clinic,  found  that  73  among 
them  had  a  positive  Wassermann.  In  the  series  of  346  tuberculous  inmates  of 
the  Boucicaut  Hospital.  19  per  cent  gave  a  positive  Wassermann  test,  according 
to  Letulle^  and  of  those  only  10  individuals  (out  of  64  reacting)  were  aware  of 
their  syphilitic  taint  or  had  definite  signs  of  it.  Our  own  results,  as  well  as 
tliese  and  other  similar  observations  of  different  authors,  which  came  to  our 
attention  since  our  earlier  work  was  published,  suggest  that  occurrence  of  the 
complement  fixation  with  Besredka's  antigen  in  the  cases  in  which  Wassermann 
reaction  is  also  present  may  be  due  to  the  fact  that  either  syphilis,  as  such,  or 
the  antisyphilitic  treatment  markedly  lowers  the  resistance  of  the  patients  so  as 
to  make  them  either  more  susceptible  to  new  infection  with  tuberculosis  or  to 
render  them  less  resistant  against  the  progress  of  this  disease  previously  con- 
tracted. 

Some  authors,  it  is  true,  did  not  find  any  high  frequency  of  occurrence  of 
tuberculosis  among  syphilitics  (as  interpreted  by  the  complement-fixation  test). 
However,  if  one  takes  into  consideration  the  class  of  patients  upon  which  the 
test  is  performed,  this  discrepancy  can  be  easily  explained.  In  our  series  of 
syphilitics,  we  dealt  with  patients  of  all  ages,  greatly  exposed  to  infection  with 
tuberculosis  in  their  factory  surroundings,  and  even  more  so  in  the  unhealthy 
conditions  of  their  life  in  the  slums.  The  material  of  Craig,  who  found  less 
than  1  per  cent  of  tuberculosis  in  luetics,  for  instance,  consisted,  on  the  con- 
trary, of  a  group  of  young  men  of  military  age  comparatively  free  from  tuber- 
culosis at  the  time  of  their  admission  to  military  service  and  who  ever  since 
their  admission  were  placed  in  exceptionally  good  hygienic  conditions.^"  It 
seems,  therefore,  that  for  a  nonselected  group  of  patients  (as  represented,  for 
instance,  by  the  admissions  to  the  general  hospital  or  dispensar}^)  the  simul- 
taneous occurrence  of  fixation  with  tuberculin  and  lipoid  is  quite  frequent  and 
is  due  to  the  simultaneous  coexistence  of  two  diseases.  Such  a  conclusion  is 
apparently  borne  out  by  clinical  observations  of  such  men  as  Fournier,  C.  F. 
Marshall,  Douty,  F.  H.  Andrews,  Sir  Jonathan  Hutchinson  and  others.'^ 

As  for  the  percentage  of  the  occurrence  of  the  reaction  in  different  stages 
of  tuberculosis  when  a  purified  antigen  of  Besredka  is  used,  we  wish  to  present 
these  approximate  figures:  First  stage,  84  per  cent;  second  stage,  94  per  cent; 
third  stage,  15.3  per  cent;  clinically  nontuberculous  (controls),  nonsyphilitics,  5 
per  cent. 

The  question  of  surprisingly  low  percentage  of  positive  results  in  far  ad- 
vanced cases  was  especially  investigated.  In  addition  to  the  Besredka  antigen 
we  examined  a  large  group  of  such  cases  (from  Leech  Farm,  Pittsburgh "),  with 
the  antigens  of  Craig,  Corper  and  Calmctto,  and  more  recently  also  with  antigen 

'In  this  connection  sec  results  of  Frascr,  who,  using  various  antigens  not  containing  lipoids  came  to 
the  conclusion  that  sera  of  syphilitics  often  deviate  complement  in  presence  of  tuberculosis  antigens  (bacil- 
lary  emulsions).     Ztschr.   f.  Immuntitaforschung.,  Grig.    1913,   xx,   291. 

"Jones:     Med.   Record,  Sept.  2,   1916. 

'Letulle:      Bull,    de   I'Acad.    de   mcd.,    Paris,   Ixxviii,    No.    Ki,   589. 
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of  Miller.  Although  it  was  possible  to  observe  a  slight  variation  in  the  results 
obtained  with  respective  antigens,  in  general  they  reacted  no  better  than  that 
of  Besredka. 

As  for  the  reason  for  this  failure  of  advanced  cases  to  give  fixation,  there 
can  be  at  least  two  offered  tentatively :  one  is  that  the  resistance  of  the  patient 
has  been  exhausted,  there  is  no  new  antibody  formation;  and  the  other,  that 
the  circulating  antibody  is  taken  up  as  formed  by  the  combination  with  antigen 
which  may  greatly  increase  during  the  last  stages  of  the  disease. 

While  the  results  of  experiments  on  animals  in  the  case  of  tuberculosis  have 
but  a  relative  value,  it  might  be  stated  that  the  general  tendency  of  these  results, 
however,  also  suggest  that  the  concentration  of  circulating  antibody  depends  on 
the  degree  of  resistance  of  the  individual  animal.  Thus,  rabbits  seem  to  develop 
antibody  and  show  the  fixation  of  complement  if  infected  with  the  human  strains 
of  tubercle  bacillus,  but  usually  fail  to  fix  the  complement  when  infected  with 
bovine.  In  guinea  pigs  the  results  are  even  more  convincing.  The  animals 
give  complement-fixation  as  early  as  the  fourth  or  fifth  day  after  infection,  but 
uniformly  fail  to  fix  complement  during  the  fourth  to  sixth  week  of  the  disease. 

Before  closing  I  would  like  to  give  in  brief  the  procedure  followed  in  per- 
forming the  test.^^ 

Fresh  serum  is  used,  thus  obviating  the  danger  of  destruction  of  antibodies 
due  to  heating.  The  human  serum  is  titrated  for  the  amount  of  complement 
present.  Such  titration  is  performed  with  washed  human  red  blood  cells  which 
have  been  previously  sensitized  with  one  unit  of  amboceptor.  (The  antihuman 
hemolytic  system  is  used  to  avoid  the  uncontrollable  factor  due  to  the  presence 
in  human  serum  of  varying  amounts  of  natural  antisheep  amboceptor.)  At  the 
same  time  guinea  pig  serum  is  titrated  for  its  complement  content,  using  human 
erythrocytes  sensitized  with  the  same  amount  of  amboceptor.  In  setting  up  the 
test,  one  adds  a  sufficient  amount  of  guinea  pig  serum  to  bring  up  the  amount 
of  complement  already  present  in  the  human  serum  to  two  units.  The  antigen 
is  then  added  and  the  tubes  are  incubated.  At  the  end  of  the  incubation,  ery- 
throcytes sensitized  with  one  unit  of  amboceptor  are  added  and  after  another 
period  of  incubation  the  progress  of  hemolysis  is  noted.  We  found  this  method 
to  be  very  sensitive,  its  delicacy  being  entirely  due  to  the  minute  amount  of 
complement  available  for  fixation  and  the  absolute  control  of  hemolytic  system. 
Another  advantage  is  in  the  fact  that  by  using  active  serum  w^e  do  not  miss  weak 
cases,  where  heating  would  have  destroyed  the  antibody.  As  for  the  antigen 
to  be  used  in  the  test,  although  we  found  Besredka's  antigen  to  give  the  best 
results,  we  must  admit,  that  the  preparation  of  antigen  as  suggested  by  Miller 
and  Zinsser  is  much  simpler,  and  if  the  results  obtained  with  it  are  as  good  as 
those  obtained  with  Besredka's  tuberculin,  it  seems  that  such  antigen  might  be 
more  practical  for  the  use  in  the  test. 

It  is  evident  that  a  successful  application  of  the  complement-fixation   re- 


'"As  a  characteristic  example  of  another  extremity  showing  the  importance  of  ascertaining^  the  social 
status  of  the  patients  on  whom  such  tests  are  performed  with  the  view  of  drawing  conclusions  as  to 
frequency  and  interdependence  of  these  two  diseases  I  wish  to  quote  from  Dr.  N.  B.  Potter's  article  the 
results  of  Dr.  Tedenshi  who  found  in  his  ten  years'  service  as  a  physician  in  a  prison  that  70  per  cent 
of  the  cases  of  pulmonary  tuberculosis  had  developed  upon  a  luetic  soil.  Tedeschi:  Studium,  Napoli,  1910, 
iii,    343,    377.— Potter:      Am.   Jour.    Med.    Sc,    Dec,    1916,    vclii,    6,   p.    823. 

"Oxford  System  of  Syphilis,  1914,  iii,  197. 

"A   detailed   discussion   of   the   technic   is   given    in    American    Journal    of    Syi  h'.lis,    1917,    i,    2,    p.    40''. 
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ction  for  the  diagnosis  of  early  tuberculosis  is  already  at  hand.  There  is  very 
ittle  doubt  that  fixation  indicates  active  tuberculosis,  especially  if  the  reaction 
emains  positive  when  repeated  at  intervals.  In  arrested  or  cured  cases  the 
eaction  eventually  becomes  negative.  The  value  of  the  negative  outcome  of 
he  test  is  only  relative  (as  it  is  also  in  case  of  the  Wassermann  reaction),  how- 
:ver,  inasmuch  as  in  advanced  cases  it  is  negative  as  well.  In  such  cases  the 
bsence  of  circulating  antibody  may  indicate  the  failing  of  resistance. 


^  CASE   OF  CONGENITAL  CYSTIC   KIDNEY  IN  WHICH   A  TUBER- 
CULOUS PROCESS  WAS  SUPERIMPOSED* 


By  Paul  G.  \\'oolley,  M.D.,  Cincinnati,  Ohio. 


H.  G.,  Hospital  No.  B-876,  -a.  married  negress,  41  years  old,  was  admitted  to  the 
[Cincinnati  General  Hospital  on  February  5,  1917,  complaining  of  shooting  pains  in  the 
■egion  of  the  right  kidney. 

Family  History. — Negative. 

Past  History. — She  had  had  measles   and  whooping  cough.     At  the  age  of   18,   she 

jnad  typhoid.     In  November,   1915,   she  was   operated  upon   for   a  renal  tumor.     Menstrua- 

:ion    commeftced    at    the    age    of    13^,    and    has    been    somewhat    irregular    and    the    flow 

slight.     She  has  been  married  for  13  years.     Her  husband  is  living  and  well  and  they  have 

:hree  children.     There  have  been  no  miscarriages. 

About  a  year  before  the  operation  of  November,  1915,  she  had  the  same  sort  of 
jain  of  which  she  complains  now ;  i.e.,  shooting  pain  radiating  down  to  the  bladder  and 
around  to  the  back.  She  was  unable  to  do  much  work  because  of  lassitude.  She  had 
ome  little  pain  after  urinating  and  at  times  she  passed  blood.  The  operation  disclosed 
.  right  kidney  studded  with  cysts  which  varied  in  size  from  a  pinhead  to  a  walnut 
land  also  some  perirenal  tissue  cysts.  The  whole  organ  was  about  twice  the  normal  size. 
The  cysts  were  all  punctured. 

An  x-ray  report  stated  that  "a  second  examination  of  the  right  side  failed  to  show 
the  outline  of  the  right  kidney.  No  tumor  mass  was  seen.  Colon  plates  show  the  hepatic 
flexure  and  transverse  colon  pushed  downward  by  a  tumor  mass." 

[In  Alarch,  1915,  the  patient  had  been  in  the  hospital  and  at  that  time  a  functional 
test  (phenolsulphonphthalein)  showed  a  normal  output  of  dye,  but  decreased  fluid  on 
the  right.     At  that  time  operation   was   refused.] 

About  three  weeks  after  the  operation,  while  the  patient  was  stooping  over  a  pan 
washing  her  face,  something  seemed  to  break  inside  of  her,  and  from  this  time  .she  has 
had  pain  and  has  been  worried.  She  said  that  during  the  past  summer  she  was  "puffed 
up  all  over  her  stomach,"  and  could  not  eat.  The  week  before  the  last  admission  she 
had  pain  on  urination  and  some  bleeding  which  made  her  feel  better.  She  has  had  to 
urinate  two  or  three  times  during  the  night  since  this  time,  whereas  previously  she  used 
to  get  up  every  15  minutes.  Now  she  has  chills,  irregularly,  several  times  a  week  (five 
to  six  times).     With  these  chills,   which  are  nocturnal,  she  has  no  renal  pain  or  sweating. 

Preskxt  State — The  patient  is  a  thin,  elderly  woman  lying  quietly  in  bed.  Her 
eyes  react  to  light  and  accommodation.  The  nose,  eyes,  ears  and  neck  are  negative. 
The  tongue  appears  normal.  The  chest  shows  symmetrical  expansion  and  resonance. 
Over  the  right  lung  there  are  no  rales  heard,  and  no  evidence  of  consolidation,  but  there 
is  a  friction  rub  over  the  middle  lobe.  The  cardiac  rhythm  is  normal,  and  tlie  pulses 
equal  and  even.  There  is  abdominal  tenderness  over  both  kidneys.  The  right  Ui(!iu\  seems 
to  be  enlarged  and  cystic. 

Cystoscopic   examination   .shows   that   tlic   mucous   membrane   of   the   bladder   is    fuzzy 


•From    the    Mary    M.    Emery    Department    of    Pathology    of    the    fiiivcrsity    of    Ciiiciniiati.    and    tlie 
Pathologic    Institute    of    the    CincitMiati    deneral    Hospital. 
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in  appearance,  with  alternating  reddish  and  whitish  areas.  There  is  one  dark  hemorrhagic 
area  above  the  ridge.  The  ureters  are  hard  to  catheterize ;  the  right  gives  a  rapid  flow 
of  clear  urine;  the  left  a  small  amount.  Functional  test  with  carmine  red  gave  no 
results  through  the  left  kidney  in  30  minutes. 

February  /. — There  is  a  large  mass  in  the  right  renal  region  which  is  not  related 
to  the  liver  dullness,  and  which  feels  cystic.  It  is  about  twice  the  size  of  a  normal  kid- 
ney. A  catheterized  specimen  of  urine  showed  albumin  for  both  sides,  many  leucocytes, 
a  moderate  number  of  red  cells,  and  a  few  casts. 

February    12. — The   patient   complains    of    frequent   and    burning   urination. 

February  id. — She  is  weaker  and  has  pain  in  the  left  side. 

February   j8.- — Died. 

Clinical  Diagnosis. — Double  cystic  kidneys. 

AUTOPSY    PROTOCOL. 

The  body  was  that  of  a  slender,  emaciated,  coflfee-colored  negress,  with  not  very 
kink>'  hair.  Rigor  mortis  was  present;  postmortem  lividity  was  faint.  There  was  a  slight 
edema  of  the  ankles.  The  peripheral  lymph  glands  were  not  appreciably  enlarged.  The 
pupils  were  equal.  The  -conjunctivae  were  pale.  The  upper  teeth  were  replaced  by  an 
artificial  plate.  All  except  the  anterior  lower  teeth  were  missing  and  those  that  re- 
mained were  in  good  condition.  In  the  right  flank  posteriorly  was  an  old  atrophic  in- 
cision 14  cm.  long,  that  reached  from  the  lower  border  of  the  last  rib  to  the  crest  of 
the  ilium  8  cm.  posterior  to  the  anterior  superior  spine.  The  breasts  were  atrophic  and 
flaccid  and  contained  no  nodules.  There  were  linese  albicantes  on  the  abdomen  above 
the  pubis  and  on  the  upper  anterior  surface  of  the  thighs.  The  lower  margin  of  the 
liver  lay  81/2  cm.  below  the  ensiform  and  3^  cm.  beneath  the  costal  margin  in  the  right 
mammillary  line.  The  omentum  was  coiled  into  a  solid  strand  chiefly  above  the  trans- 
verse colon  and  was  punctated  with  innumerable  fine  hyaline  and  gray  nodules  that  re- 
sembled miliary  tubercles.  It  was  adherent  to  the  abdominal  wall  above  the  left  in- 
guinal ring.  The  peritoneum  everywhere  over  the  surface  of  the  intestines  and  over  the 
parietes  was  studded  with  fine  translucent  nodules  resembling  miliary  tubercles,  many  of 
which  were  pigmented,  the  pigment  forming,  as  a  rule,  a  ring  about  the  tubercles.  The 
appendix  was  in  situ  and,  except  for  the  presence  of  the  tubercles  upon  its  surface,  seemed 
to  be  healthy.  In  the  pelvis  the  tubercles  were  larger,  less  discrete,  and  far  more  numer- 
ous than  elsewhere  in  the  abdominal  cavity.  There  was  no  increased  peritoneal  fluid. 
When  -the  sternum  was  removed,  the  lungs  did  not  collapse,  largely  because  both  pleural 
cavities  were  completely  obliterated  with  old  adhesions.  The  right  kidney  was  adherent 
by  old  adhesions  to  the  hepatic  flexure  of  the  colon  and  the  left  kidney  was  adherent 
by  old  adhesions  to  the  splenic  flexure.  There  were  old  adhesions  between  the  dome  of  the 
liver  and  the  diaphragm  and  in  these  adhesions  were  very  numerous  tubercles.  The  mesen- 
teric and  retroperitoneal  lymph  glands  were  all  hyperplastic,  distinctly  pale  and  moist, 
and  in  many  of  them  there  were  areas  that  appeared  to  be  due  to  caseation. 

The  right  kidney  (1,010  grams),  was  firm  and  seemed  to  be  composed  almost  en- 
tirely of  a  large  number  of  cysts  varying  in  size  from  a  few  millimeters  in  diameter  to 
several  centimeters.  The  capsule  was  apparently  completely  adherent  and  on  section 
it  appeared  that  some  of  the  cysts  were  filled  with  a  rather  clear,  almost  serous  fluid ; 
others  contained  an  inspissated,  dark  colored  material  containing  blood ;  and  still  others 
contained  a  material  rather  thick  like  pus.  There  were  other  areas  which  were  not 
cystic  which  were  filled  with  a  yellowish  caseous  material  and  these  areas  were  typically 
tuberculous.  The  left  kidney  had  the  same  gross  appearance  but  on  section  showed  no 
evidence  of  tuberculous  process  but  had  all  the  appearances  of  a  typical  cystic  kidne3^ 
The  liver  was  of  fair  size  but  very  flabby.  The  surface  was  scarred  almost  generally  with 
the  tags  of  old  adhesions.  Scattered  here  and  there  throughout  the  substance  in  both 
lobes  were  very  numerous  subcapsular  cysts,  all,  so  far  as  could  be  seen,  filled  with  clear 
fluid.  One  of  these  cysts,  the  largest,  measured  5^^  cm.  in  diameter.  There  were  oc- 
casional areas  that  resembled  small  caseous  spaces.  There  were  occasional  areas  that 
resembled  small  caseous  tubercles.  One  of  these  seemed  to  have  originated  in  the  neigh- 
borhood of  a  bile  vessel  for  it  had  a  central  greenish  nucleus.  The  gall  bladder  was  filled 
with  a  mucoid  brownish  bile  and  the  ducts  were  patent. 

The    lungs,    after    removal    from    the    body,    were    almost    completely    collapsed.      The 


Fig.    1. — Photograph   of   the   right    kidney   showing  the   cysts,    some    of   them    filled   with   caseous   material    or 
tubercles,    others   patent.      Many   small,    almost   miliary   tubercles    are    also   visible. 


Fig.   2. — Photograph  of  a  section   of  the  liver  to  show  the   thin-walled,   somewhat   trabcculated   cystic   spaces. 
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pleura  was  generally  thickened  and  beneath  it  and  in  the  substance  of  lioth  upper  lobes, 
there  were  numerous  firm,  fibroid  nodules  which  on  section  seemed  to  be  obsolescent  pig- 
mented calcareous  tubercles.  There  were  a  few  such  nodules  in  the  lower  lobes.  The 
lower  lobes  were  bound  together  by  old  adhesions.  The  heart  was  small  and  flabby.  The 
pericardium  was  smooth.  The  coronaries  were  slightly  tortuous  but  not  evidently  sclerotic. 
There  was  nothing  unusual  in  connection  with  the  tricuspid  or  pulmonary  orifices.  The 
foramen  ovale  was  open  but  protected  by  a  competent  valve.  The  mitral  and  aortic 
valves  were  healthy.  The  aorta  was  smooth  throughout  and  showed  nothing  more  than 
scattered  patches  of  subintimal  fatty  degeneration.  The  myocardium  was  pale  and  friable. 
There  was  no  evidence  of  fibrosis.  The  spleen  was  of  normal  size.  The  surface  was 
tagged  with  old  adhesions  and  the  color  was  pale.  On  section,  the  pulp  was  distinctly  pale 
and  the  consistency  was  normal.  The  Malpighian  bodies  were  not  visible  and  at  one  or 
two  points  there  were  small  gray  areas  which  resembled  tubercles.  Both  fallopian  tubes 
were  convoluted  and  the  convolutions  were  bound  together  by  old  adhesions.  Also  both 
tubes  were  large,  the  enlargement  being  apparently  due  to  increased  semisolid  contents. 
Except  that  the  ovaries  were  more  or  less  surrounded  by  old  adhesions  there  was  noth- 
ing abnormal  about  them.     The  uterus  was  of  normal  size. 

The  urinary  bladder  contained  a  small  amount  of  cloudy  blood-tinged  purulent  urine. 
The  whole  mucous  membrane  had  an  irregularly  congested  and  generally  moist  appear- 
ance. The  left  ureter  was  evidently  healthy.  The  right  ureter,  in  its  lower  7  cm.,  was  the 
seat  of  a  well  marked,  chronic,  ulcerative  tuberculous  process.  The  right  fallopian  tube 
appeared  to  be  a  practically  solid  mass  of  caseous  material.  The  left  tube  was  partly 
caseous,  partly  suppurative.  Around  the  cervical  opening  of  the  uterus  there  was  a  slight 
amount  of  erosion  but  nothing  else.  The  vagina  and  body  of  the  uterus  seemed  to  be 
healthy  except  for  the  presence  of  a  few  small  fibromas  in  the  myometrium.  The  mucous 
membrane  and  submucosa  of  the  rectum  were  edematous  but  showed  nothing  else  un- 
usual. In  the  large  intestine  there  was  nothing  unusual  except  a  moderate  edema  of  the 
muscular  coat.  In  the  small  intestine  there  were  numerous  ulcers.  In  the  cecum  there 
was  one  very  large  transverse,  evidently  tuberculous,  ulcer  which  measured  7x3  cm.,  the 
base  of  which  was  congested  and  in  places  covered  with  a  rather  adherent,  greenish 
colored  pseudomembrane.  Above  the  cecum  in  the  first  10  cm.  of  the  ileum,  were  very 
numerous  small  ulcers  w^ith  thickened  edges  in  which  one  could  see  occasional  tubercles. 
Above  this  there  were  other  scattered  ulcers  most  of  them  small  but  all  of  them  more 
acute  than  the  cecal  ulcer. 

Anatomic  Diagnosis. — Congenital  cystic  kidneys  and  liver;  chronic  tuberculous  ne- 
phritis ;  chronic  tuberculous  salpingitis ;  chronic  and  acute  tuberculous  enterocolitis  ;  chronic 
tuberculous  cystitis  and  (right)  ureteritis;  miliary  tuberculous  peritonitis;  chronic  miliary 
tuf)erculous  lymphadenitis;  obsolescent  pulmonary  tuberculosis;  miliary  tuberculous  hepatitis 
and  splenitis. 

REMARKS. 

It  is  interesting  to  speculate  upon  the  course  of  the  tuberculous  process  in 
this  case,  and  to  wonder  whether  it  originated  in  the  lungs  or  in  the  urogenital 
-tract.  The  evidence  furnished  by  the  distribution  of  the  peritoneal  lesion  tends 
to  make  it  clear  that  the  intestinal  tract  was  not  primarily  involved  for  the  peri- 
toneal tubercles  did  not  show  the  peculiarity  of  distribution  which  goes  with  in- 
testinal ulcers ;  there  was  no  grouping  of  the  tubercles  below  the  ulcers  in  the 
peritoneum.  It  seems  most  plausible  to  imagine  that  the  process  began  with  a 
pulmonary  lesion  which  healed  after  bacilli  h^d  been  distributed  to  the  kidney  and 
the  fallopian  tubes,  in  which  places  the  process  progressed. 

The  case  illustrates  exceedingly  well  how  little  kidney  substance  is  required 
to  preserve  the  health  of  the  body.  In  these  two  enormous  organs  there  was 
scarcely  a  macroscopic  bit  of  kidney  parenchyma,  and  yet  up  to  the  time  the 
patient  was  overwhelmed  by  the  tuberculous  process,  she  lived  in  apparent  com- 
fort and  health. 


LABORATORY  METHODS 


THE  EFFECT  OF  THE  NATURAL  ANTISHEEP  HEMOLYSIN 
CONTENT  OF   HUMAN   SERUM  ON   COMPLEMENT- 
FIXATION   TESTS* 


By  Anna  L  van  Saun,  Albany,  N.  Y. 


ONE  of  the  principal  objections  to  the  antisheep  hemolytic  system  most  com- 
monly used  by  serologists  for  complement-fixation  tests  is  the  fact  that 
nearly  all  specimens  of  human  sera  contain  natural  antisheep  hemolysin.  This 
natural  antisheep  hemolysin  is  sometimes  present  in  the  patient's  serum  in  such 
large  amounts  that  the  addition  of  artificial  antisheep  hemolysin  is  unnecessary 
for  the  production  of  hemolysis  in  the  serum  control  tubes  and  many  workers 
have  found  that  in  some  cases  this  natural  hemolvsin  will  obscure  evidence  of 
specific  fixation  in  complement-fixation  tests. f 

A  number  of  modifications  of  the  original  \\'assermann  test  have  been  de- 
vised to  overcome  this  difficulty  as,  for  example,  that  of  Noguchi,-  which  uses 
an  antihuman  system,  that  of  Hecht-AA>inberg^  which  makes  use  of  both  the 
complement  and  antisheep  hemolysin  present  in  the  patient's  serum,  and  that  of 
Bauer*  which  also  depends  on  the  presence  of  natural  antisheep  hemolysin  in 
the  patient's  serum. 

Kaliski."'  in  1910,  instituted  a  modification  of  the  Bauer  test  which  he  de- 
scribes as  follows :  "The  tubes  containing  the  serum  to  be  tested,  complement 
and  antigen  extract  are  incubated,  emulsion  of  sheep's  corpuscles  added  and  in- 
cubated again.  To  the  tubes  showing  no  hemolysis  or  only  partial  hemolysis, 
two  units  of  artificial  amboceptor  are  added  and  the  tubes  placed  in  the  incubator 
again.  After  the  second  incubation  the.  presence  of  antisheep  amboceptor  is 
indicated  by  the  degree  of  hemolysis." 

The  absorption  method  of  Rossi'''  has  been  very  generally  used  as  a  means 
of  getting  rid  of  natural  hemolysin  in  serum.  Olmstead,"  in  1914,  found  through 
a  series  of  comparative  tests  on  fifty-two  sera  treated  by  this  method,  and  tested 
by  the  method  used  by  McXeiP  in  the  Research  Laboratory,  Department  of 
Health,  New  York  City,  that  the  natural  amboceptor  content  of  human  serum 
makes  but  little  difference  in  tlie  Wasscrmann  test  if  the  readings  arc  made  as 
soon  as  serum  and  antigen  controls  are  completely  hemolyzed. 

Tn  the  course  of  two  years'  experience  in  the  State  Laboratory  with  over 

"From  the  Division  of  Laboratories  anrl  Kesearcli,  New  York  State  Deparliiiciit  of  lU-allli,  .Mbaiiy, 
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tin  a  recent  article  on  tlie  Wassermann  test  Ottenberg'  states  tliat  this  natural  antishrep  hemolysin 
content  of  human  sera  is  far  more  often  (icmonstrated  when  a  llxed  amount  (so-called  excess)  of  comiilement 
(one-tenth  c.c.)  is  used  for  the  test  and  the  balance  of  the  system  determined  by  means  of  an  amboceptor 
titration  as  Wassermann  and  his  followers  advocate.  Otteiibcrg  seems  to  find  that  complement  is  more  often 
overactive  than  underactive,  and  advocates  a  standardization  of  the  system  by  means  of  a  comi>lement 
titration.  In  my  ex|ierience  1  have  found  just  the  opposite  to  be  tlic  case.  I  have  very  seldom  observed  a 
mixture  of  complement  that  would  titrate  higher  than  a  1  in  10  dilution.  I'sually  the  titer  would  run  about 
1  in  8  and  my  standardization  of  the  system   by  means  of  an  amlioceplor  titration   has  given  excellent   results. 
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thirty  thousand  complement-fixation  tests  on  more  than  fifteen  thousand  sera 
sent  me  for  diagnosis  by  the  Wassermann  and  gonococcus  complement-fixation 
tests  I  found  that  a  large  number  of  sera  possessed  some  natural  antisheep  hemo- 
lysin. I,  therefore,  considered  it  advisable  to  make  a  series  of  tests  by  the 
method  of  Kaliski,  and  the  absorption  method  of  Rossi,  for  comparison  with 
my  own  method  which  is  a  modification  of  the  original  Wassermann  technic  in 
that  the  total  volume  of  the  test  is  .5  c.c.  A  number  of  comparative  Wasser- 
mann tests  were  also  made  with  another  laboratory  which  used  the  antihuman 
system  of  Noguchi. 

All  reagents  were  carefully  standardized  daily.  The  tests  were  set  up  in 
duplicate.  Complement  was  fixed  for  four  hours  in  the  ice  box  with  the  crude 
alcoholic  antigen,  or  for  one-half  hour  in  the  water-bath  at  37°  C.  with  the 
cholesterinized  antigen,  and  readings  made  according  to  the  method  advocated 
by  Citron.^  Sixty-seven  sera  were  tested  by  the  Kaliski  method  which  gave  no 
better  results  than  my  own  method.  In  no  case  did  sera  treated  by  the  absorp- 
tion method  of  Rossi  give  complete  fixation  of  complement  in  the  Wassermann 
test  where  before  tests  on  the  same  sera  had  been  negative.  In  a  few  instances 
weak  reactions  became  somewhat  stronger,  but  in  no  case  did  they  become  positive. 

In  the  gonococcus  complement-fixation  test  I  have  found  it  advisable  to  use 
a  very  delicate  system  in  order  to  obtain  the  best  results  and  in  these  tests  the 
natural  hemolysin  content  of  the  serum  did  occasionally  obscure  complete  fixa- 
tion of  complement.  For  example :  a  one  plus  obtained  with  a  serum  with  a 
large  natural  hemolysin  content  sometimes  gave  a  two  plus  or  three  plus  after 
absorption  and  very  seldom  a  four  plus.  No  negative,  however,  became  posi- 
tive, though  occasionally  a  negative  became  plus  minus.  Some  sera  became  anti- 
complementary and  in  a  few  instances  the  antibody  content  of  the  serum  seemed 
weakened  by  the  absorption  treatment  in  spite  of  the  care  taken  to  remove  every 
particle  of  saline  from  the  packed  cells. 

Remarkably  constant  results  were  obtained  with  the  comparative  tests  made 
with  the  laboratory  using  the  Noguchi  method.  Although  readings  were  made 
on  an  entirely  different  scale  in  each  laboratory  there  were  inappreciable  dif- 
ferences in  the  end  results. 

CONCLUSIONS. 

In  these  studies,  as  in  those  of  nearly  all  previous  investigators,  the  presence 
of  natural  antisheep  hemolysin  was  demonstrated  in  a  large  proportion  (in  this 
instance  51  per  cent)  of  the  sera  tested.  Contrary  to  the  results  obtained  by 
many  students  of  serologic  problems,  my  experiments  show  that  the  efifect  of 
natural  antisheep  hemolysin  in  the  practical  operation  of  the  Wassermann  test 
is  negligible.  In  no  instance  did  this  excess  of  natural  antisheep  hemolysin  ob- 
scure complete  fixation  of  complement.  There  seemed  to  be  little  difference  in 
the  results  of  W^assermann  tests  with  sera  from  which  the  natural  hemolysin  had 
been  removed  and  in  the  results  of  tests  made  by  my  usual  method.  The  results 
with  the  Kaliski  modification  showed  no  improvement  over  those  obtained  with 
the  usual  test,  and  comparative  tests  made  with  the  laboratory  using  an  anti- 
human  system  showed  no  advantage  over  my  own. 

In  the  case  of  the  gonococcus  complement-fixation  test,  it  would  seem  to  be 
advisable  to  absorb  the  natural  hemolysin  from  sera  showing  a  very  great  ex- 
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cess,  since  stronger  specific  fixations  have  in  some  instances  been  obtained  with 
sera  treated  by  this  method. 
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THE  WASSERMANN  REACTION  WITH  LARGE  AMOUNTS  OF 
PATIENT'S  SERUM* 


By  Anna  I.  van  Saun,  Albany,  N.  Y 


SOME  serologic  workers  have  attempted  to  show  that  more  specific  results 
can  be  obtained  with  the  use  of  large  amounts  of  human  sera  for  the  Was- 
sermann  test  than  with  the  amounts  in  ordinary  use. 

In  this  connection  B.  Fischer,^  of  the  University  of  Rostock,  Germany,  cites 
the  work  of  Ledermann-  and  von  Kromayer  Trinchese^  as  the  basis  for  a  series 
of  Wassermann  tests  with  large  quantities  of  sera  made  by  him  at  the  Uni- 
versitats-Hautklinik,  in  Rostock.  For  two  years  he  tested  upwards  of  1300  sera, 
using  the  Kromayer  modification ;  that  is  to  say,  quantities  of  sera  ranging  from 
.1  c.c.  up  to  .4  c.c.  and  he  came  to  the  following  conclusions: 

A.  Large  amounts  of  serum  are  capable  of 

1.  Changing  a  negative  Wassermann  reaction  to  a  complete  positive. 

2.  Changing  a  slight  inhibition  to  a  positive  reaction. 

3.  Giving  an  indicator  for  the  cessation  of  treatment.  (The  latter  only  to 
be  discontinued  when  the  largest  amount  of  serum,  .4  c.c.  gives  a  negative  reac- 
tion.) 

B.  All  reactions  giving  complete  inhibition  of  hemolysis  with  .4  c.c.  of 
serum  are  specific. 

Fischer  made  use  of  a  serum  control  of  .4  c.c.  (the  largest  amount  of 
serum  used  in  his  test)  which,  he  asserts,  was  never  anticomplementary.  This 
seemed  to  me  an  unsafe  amount  upon  which  to  rely  as  an  absolute  control  for 
so  large  a  quantity  of  serum,  since  it  is  well  known  that  very  large  amounts 
of  serum  have  in  themselves  a  tendency  to  bind  complement  without  the  pres- 
ence of  a  specific  antigen. 

For  my  work  all  complement-fixation  tests  are  controlled,  not  only  by  the 
largest  amount  of  serum  used  for  diagnosis,  but  also  by  double  the  largest  amount 
of  serum  used  in  the  test. 

I,  therefore,  thought  it  might  be  of  interest  to  test  a  number  of  sera  for 
the  Wassermann  reaction,  not  only  with  our  standard  amounts  of  sera,  but  also 
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with  the  amounts  recommended  by  Fischer  with  the  addition  of  a  double  con- 
trol of  .8  c.c.  of  serum  in  order  to  determine  the  possible  specificity  of  this  re- 
action. Seventy-four  sera  out  of  eight  hundred  specimens  received  during  a 
period  of  one  month  were  tested  according  to  the  Kromayer  modification  as 
worked  out  by  Fischer,  using  .4  c.c.  of  serum  as  our  largest  diagnostic  amount, 
with  an  added  control  of  .8  c.c.  of  serum,  as  well  as  by  our  own  method,  based 
on  the  original  Wassermann  technic,  making  use  of  two  quantities  of  serum,  .2 
c.c.  and  .1  c.c,  and  controlled  by  .2  c.c.  and  .4  c.c.  of  serum.  No  test  was  con- 
sidered safe  to  read  until  the  double  controls  .4  c.c.  and  .8  c.c.  respectively  had 
hemolyzed  completely. 

In  almost  every  case  complete  hemolysis  did  not  occur  with  .8  c.c.  of  serum 
in  the  double  control  tube  in  the  Kromayer  test  even  though  it  was  left  for  an 
hour  in  the  water-bath.  Very  frequently  the  .4  c.c.  control  hemolyzed  so  slowly 
as  to  make  me  doubt  the  specificity  of  a  reaction  obtained  with  specimens  from 
cases  having  no  history  of  syphilis  and  where  my  own  test  with  smaller  quan- 
tities of  serum  was  negative.  No  negative  became  positive,  and  slight  fixations 
with  the  ordinary  amounts  of  sera  could  in  few  cases  be  considered  specific 
when  stronger  with  the  largest  amount  of  serum  since  the  double  control  of 
.8  c.c.  in  nearly  every  instance  did  not  hemolyze  completely. 

Sera  from  cases  with  positive  histories  which  gave  complete  fixation  of 
complement  with  the  larger  quantity  of  patient's  serum  and  which  showed 
hemolysis  in  the  .8  c.c.  control  were  also  complete  with  the  smaller  quantities. 

Fischer  gives  a  great  deal  of  clinical  data  which  appears  to  check  his  results, 
but  I  believe  from  my  experience  that  the  Kromayer  modification  would  be  de- 
cidedly unsafe  to  use  in  a  laboratory  where  there  is  no  close  connection  with 
the  clinical  side  of  the  cases,  and  where  histories  are  frequently  vague,  unless 
a  double  serum  control  is  put  in  with  every  test  and  the  diagnostic  tubes  read 
only  when  the  double  serum  controls  are  completely  hemolyzed;  a  result  which, 
according  to  the  findings  on  the  number  of  tests  we  have  been  able  to  examine 
with  the  Kromayer  modification,  would  be  difficult  to  achieve. 

CONCLUSIONS. 

1.  The  use  of  a  large  amount  of  serum  does  not,  in  my  experience,  change 
a  serum  giving  a  negatiye  reaction  to  one  giving  a  positive  if  a  double  serum 
control  (.8  c.c.)  is  used  and  the  result  of  the  test  read  only  when  this  control  is 
completely  hemolyzed. 

2.  In  a  number  of  tests  I  have  found  that  the  .4  c.c.  serum  control  has  been 
extremely  slow  to  hemolyze.  and  has  occasionally  fixed  complement  completely. 
This  result  appears  to  point  to  a  lack  of  specificity  in  a  test  depending  on  this 
amount  for  diagnosis. 

3.  Si;ice  large  amounts  of  serum  may  of  themselves  bind  complement  with- 
out the  addition  of  a  Wassermann  antigen,  and  since,  in  the  above  tests,  in  al- 
most every  instance,  controls  of  double  these  large  amounts  of  serum  did  not 
hemolyze  completely,  I  do  not  consider  the  Kromayer  modification  a  safe  method 
to  use  for  the  practical  examination  of  large  numbers  of  sera. 
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A  METHOD  FOR  MAKING  GRAPHIC  RECORDS  OF  THE  MOVEMENTS 
OF  CERTAIN  INTERNAL  ORGANS 


By  D.  K.  Jackson,  M.D.,  St.  Louis,  Mo. 


THE  instrument  (Fig.  1)  described  in  the  following  paragraphs  has  been 
used  in  dogs  to  record  contractions  of  the  stomach  or  pylorus  (Fig.  2), 
the  small  or  large  intestine  (Fig.  3),  the  uterus  (Figs.  4  and  5),  rectum,  heart 
and  bladder.  In  addition  to  these,  the  instrument  can  be  used  to  register  move- 
ments in  the  esophagus,  and  perhaps  in  the  gall  bladder,  ureters,  and  spleen,  al- 
though I  have  not  as  yet  taken  the  trouble  to  thoroughly  try  the  instrument  out 
ivith  the  latter  organs.  These  statements  all  refer  to  contractions  recorded  from 
the  organs  in  situ,  and  in  practically  their  normal  positions.  It  is  important  that 
the  blood  supply  and  innervation  to  the  organs  from  which  records  are  being 
taken  be  not  disturbed  more  than  can  be  helped.  In  most  cases  this  object  is 
easily  attained  in  using  the  instrument,  for  it  has  been  designed  with  this  end 
especially  in  view.     In  the  abdomen  the  organs  from  which  tracings  are  being 


Fig.   1. — A   (liaijrainniatic   rupresciitatioii   of   I 


lor   iisiiij;   tlio   iiistiuincnl.      (  I'"or   ili.scu.ssioii    sec   text  ) 


obtained  may  be  left  almost,  if  not  entirely,  covered  witli  the  oilier  \isccra  ;  and 
thus  marked  changes  in  teniperalure,  drying,  etc.,  arc  aliiiosl  cnliri'K  av(ii(KMl. 
Usuall}-  ihc  abdnnicn  can  be  closed  b}'  licnioslats  t)V  stitclK>  and  llic  \itaHl\  of 
the  animal  is  thus  greatly  conser\ed.      In   addition,   sliock   is  much   less   likclv   to 


*I''roin    tl\i'    I  )c|iartincnl    a!    riianiiacolot;v    of    W.islnnt;|(in    I 'iiiviTsily    Medical    Srliool,    St.    l.otiis,    M( 
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occur  than  if  the  abdominal  organs  are  considerably  exposed  to  the  air  or  other- 
wise extensively  manipulated. 

It  is  very  easy  to  attach  the  instrument  to  the  organs.  In  the  abdomen 
this  is  done  by  first  making  a  median  longitudinal  incision.  In  case  the  uterus 
is  to  be  used  one  horn  is  then  carefully  exposed  by  moving  the  intestines  up 
toward  the  diaphragm.  Great  care  should  be  used  not  to  touch  the  vessels  or 
nerves  going  to  the  uterine  horn.  One  may  readily  avoid  these  since  they  run 
along  the  posterior  (caudal)  edges  of  the  organ.  When  one  horn  (usually  the 
left)  is  brought  into  view,  the  flank  of  the  animal  is  held  up  by  a  hemostat  and 


Fig.  2. — A  tracing  showing  the   manner  in  which  the  instrument  records   uterine   contractions  after  pituitnn 

(and  adrenaline). 

an  opening  about  one  and  one-half  inches  long  is  cut  through  the  lateral  abdom- 
inal wall  about  an  inch  below  (caudalward  from)  the  left  ribs.  The  instrument 
is  then  clamped  in  a  stand  in  such  a  manner  that  the  two  tube  portions  ("inner 
tube"  and  "sliding  shield")  should  have  a  direction  pointing  caudalward,  with 
reference  to  the  animal,  at  an  angle  of  about  forty-five  degrees  from  the  median 
line,  and  inclined  upward  at  a  considerably  smaller  angle.  The  inner  tube  por- 
tion should  then  be  about  on  a  level  with  the  exposed  uterine  horn.  The  tube 
portion  of  the  instrument  is  then  passed  through  the  opening  in  the  animal's 
flank  by  shoving  the  stand  which  holds  the  instrument  closer  to  the  animal.     In 
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this  manner  the  instrument  is  brought  into  a  position  parallel  to  and  in  im- 
mediate relation  with  the  uterine  horn.  Before  the  instrument  is  inserted  into 
the  abdomen  a  long  twine  string  carrying  a  pin  with  a  ring  bent  on  the  end  is 
passed  over  the  pulley  and  through  the  length  of  the  tube.  When  the  tube  is 
pushed  into  the  abdomen  the  ring  on  the  pin  hook  is  then  seized  with  forceps. 


Fig.  3. — A  tracing  showing  a   record   obtained   with   the   instrnment   alter   erf,'ainnie    (and   adrenaline). 

and  with  a  single  stitch  made  with  great  care  with  a  tine,  curved-pointed  sur- 
geon's needle  the  ring  is  tied  to  the  upper  edge  of  the  uterine  horn  at  a  distance 
of  about  one  and  one-fourth  inches  from  the  bifurcation.  During  this  process 
the  "sliding  shield"  (Fig.  1)  is  slipped  back  on  the  inner  tube  so  as  to  fully 
expose  the  "fixation  wire."  As  soon  as  the  ring  or  the  \mi  has  been  attached, 
the  bent  end  of  the  "fixation  wire"  is  brought  into  position  and  attached  with  a 
single  stitch  to  the  tissues  at  the  upper  edge  of  the  bifurcation.  Thus  the  nerves 
and  vessels  to  the  horn  need  not  be  touched  and  the  instrument  is  quickly  and 
easily  attached.  The  "sliding  shield"  is  now  sli])])e(l  down  o\er  the  "fixation 
wire"  and  the  string  is  put  on  a  litlle  tension  lo  sec  tliat  a  small  mass  of  tissue 
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does  not  block  its  movement  at  the  end  of  the  inner  tube.  The  abdomen  is  now 
completely  closed,  either  with  hemostats  or  stitches.  The  "sliding  shield"  serves 
to  keep  the  other  viscera  from  moving  the  uterine  horn  while  records  are  being 
taken.  The  string  is  now  passed  over  a  pulley  and  connected  to  a  frog  heart 
lever  which  writes  on  the  drum.  The  magnification  of  the  lever  should  be  about 
one  to  eight,  or  one  to  ten.  The  weight  suitable  for  good  sized  bitches  is  about 
two  or  three  ordinary  bull  dog  clamps.  It  is  important  not  to  include  too  long 
a  portion  of  the  uterine  horn  between  the  two  attachments.     About  one  and  one- 
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Fig-    4. — A   tracing  showing  how   the   instrument   may   be   used    to   record   contractions   of    the    antrum.      The 
inhibitory   action   of   adrenaline    on   the   S])ontaneous   contractions   of   the    antrum    is    well    shown. 

fourth  inches  (or  a  little  less)  is  approximately  the  length  usually  needed.  \\'hen 
the  record  is  started  the  chances  are  considerable  that  the  uterus  will  already 
be  in  a  condition  of  tonic  contraction.  To  overcome  this  it  is  advisable  to  inject 
a  small  dose  (34  c.c.  of  1  :10,000)  adrenaline  to  relax  the  organ.  The  drug  pro- 
duces a  small  primary  contraction  followed  by  marked  relaxation  (Figs.  2  and 
3).  A  word  of  caution  is  necessary  in  regard  to  female  dogs.  Pups  or  young 
animals  which  have  never  borne  young  are  not  suitable  for  the  experiment. 
Animals  which  are,  or  have  been,  pregnant  previously  are  entirely  satisfactory. 
Records  may  easily  be  taken  from  almost  any  portion  of  the  alimentary 
canal.     For  most  parts   of   the   stomach   and   intestines   the   instrument   mav   be 
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readily  brought  into  a  satisfactory  position  through  the  median  abdominal  in- 
cision. Rarely  one  may  wish  to  make  a  second  small  opening  in  the  side  of  the 
abdominal  wall  for  the  insertion  of  the  instrument.  In  practically  all  cases  the 
abdomen  should  be  securely  closed  after  the  instrument  has  been  properly  ad- 
justed. It  is  of  importance  to  note  that  records  of  either  the  longitudinal  or 
the  circular  movements  of  the  stomach  and  intestines  can  be  obtained  equally 
easily.  This  perhaps  may  be  of  use  in  studying  the  action  of  drugs,  etc,  on  the 
various  forms  of  peristalsis. 

Fig.  4  shows  a  record  obtained  when  the  instrument  was  attached  across, 
(i.  e.,  transversely  to)  the  antrum  pylori.  Spontaneous  contractions  of  the  antrum 
were  occurring,  but  these  were  immediately  inhibited  for  a  brief  interval  by  an 
injection  of  adrenaline.      It  is   entirely   feasible   to  .attach   two  or   three   instru- 
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Fig.  5. — A  tracing  showing  the  action  of  eserine  on  the  large  uitt-^inic 


ileii  1)V  tlic  instriniient. 


ments  to  different  portions  of  the  stomach  and  thus  obtain  graphic  records  of 
The  rate  and  character  of  its  movements  after  vagus  stimulation,  etc. 

Fig.  5  shows  a  tracing  taken  from  the  large  intestine  a  tier  an  injection  of 
eserine.  It  is  to  be  noted  that  the  large  intestine,  and  particularly  the  lower  por- 
tions, gives  much  larger  and  more  constant  contractions  than  does  the  small 
intestine.  The  record  shown  rci)rcscnts  movements  recorded  from  longitudinal 
attachments  of  the  instrument.  About  one  inch  is  usually  a  suitable  length  of 
intestine  to  include  between  the  two  stitches.  The  instrument  may  al.so  lie  at- 
tached transversely  to  the  intestine  and  two  instruments  may  be  used  simul- 
taneouslv  if  desired. 
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From  the  bladder  records  may  be  obtained  by  attaching  the  instrument  either 
to  the  anterior,  posterior,  or  lateral  walls,  or  across  the  fundus  of  the  organ,  and 
these  attachments  may  be  made  either  longitudinally  or  transversely.  To  record 
the  action  of  the  heart  the  chest  should  be  opened  directly  in  the  median  line 
and  throughout  the  entire  length  of  the  sternum.  Four  heavy  strings  are  passed 
through  the  edges  of  the  sternum,  two  on  each  side,  in  such  a  manner  that  the 
chest  can  be  held  open  about  two  inches  when  the  strings  are  tied  down  to  the 
side  of  the  operating  board.  The  pericardium  is  now  opened  and  the  divided 
edges  are  attached  by  one  or  two  stitches  on  each  side  to  the  edge  of  the  chest 
walls. 

The  instrument  is  now  placed  over  the  heart  in  an  almost  horizontal  posi- 
tion and  pointing  caudalward,  i.  e.,  "the  fixation  wire"  is  sewed  to  the  apex  of 
the  ventricle.  The  ring  on  the  end  of  the  pin  is  attached  to  the  base  of  the 
ventricle.  The  shield  is  now  slipped  down  and  the  chest  may  be  partially  or 
completely  closed,  while  the  string  passes  to  the  recording  lever  in  the  usual 
manner.  It  is  very  .desirable  to  have  a  perfectly  regular  artificial  respiration, 
and  it  is  advisable  to  give  the  animal  a  hypnotic  (paraldehyde  or  chloretone) 
to  be  sure  it  will  not  revive  and  disturb  the  adjustments  of  the  apparatus  by 
slight  movement  during  the  experiment. 

While  I  have  so  far  had  an  opportunity  to  try  this  instrument  only  on  dogs, 
I  anticipate  that  it  can  be  used  equally  well  for  cats  or  rabbits  in  the  experiments 
for  which  those  animals  are  suitable. 

The  wide  applicability  of  this  instrument,  together  with  its  comparative  in- 
expensiveness  (the  device,  exclusive  of  the  heart  lever  and  extra  pulley,  should 
cost  approximately  ten  dollars;  the  extra  pulley  can  be  bought  in  large  hard- 
ware stores  for  about  fifty  cents)  has  seemed  to  indicate  that  it  might  be  of  con- 
siderable use  to  teachers  of  pharmacology  and  laboratory  workers  in  general; 
hence  the  publication  of  this  brief  note. 


A  SIMPLE  METHOD  OF  OBTAINING  BLOOD  SERUM* 


By  M.  G.  WoHL,  M.D.,  Omaha,  Nebr. 


A  SATISFACTORY  separation  of  serum  from  blood  is  desirable  if  not  es- 
sential for  various  serologic  reactions.  Not  all  bloods,  however,  yield 
a  good  contracted  clot  allowing  the  serum  to  separate.  It  becomes  necessary 
then  to  loosen  the  blood  clot  from  the  walls  of  the  container  by  means  of  a 
platinum  or  glass  rod.  This  procedure  is  undesirable  as  the  introduction  of 
the  rod  is  liable  to  break  up  the  red  blood  corpuscles  and  discolor  the  serum  by 
the  liberated  hemoglobin;  and  again,  it  causes  delay  in  obtaining  the  serum. 

To  meet  these  objections,  we  have  been  using  in  our  laboratory  paraffined 
containers.  Blood  which  is  quite  adherent  to  the  walls  of  an  ordinary  con- 
tainer will  yield  a  clear  serum  when  it  is  placed  into  a  paraffined  vessel.     That 

*From  the   Pathological   Department,    Nicholas    Senn   Hospital,    Omaha,   Nebr. 
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the  paraffine  does  not  alter  the  serum  in  any  way,  so  far  as  the  Wassermann 
and  Widal  reactions  are  concerned,  we  have  proved  by  using  controls  of  serums 
obtained  in  the  conventional  way.  This  method  has  been  constantly  used  in  our 
laboratory  for  the  last  three  months  and  the  results  have  been  most  gratifying. 

TECHNIC. 

Place  a  small  piece  of  paraffine  (half  a  gram  is  sufficient  for  an  ordinary 
six  inch  serological  test  tube)  into  a  container  that  is  ready  for  sterilization, 
cork  it  and  sterilize  it.  Upon  removal  of  container  from  sterilizer  roll  it  so  as 
to  cover  its  walls  with  the  paraffine.  It  takes  only  a  few  minutes  until  the  thin 
film  of  paraffine  is  hardened.  To  clean  the  container,  rinse  it  with  cold  water 
until  all  the  blood  is  removed,  melt  the  paraffine  and  pour  off.  The  excess  of 
paraffine  is  removed  by  means  of  a  gauze  applicator.  To  the  best  of  my  knowl- 
edge paraffined  containers  have  not  been  used  heretofore  for  the  above  described 
purpose. 
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EDITORIALS 


The  Use  of  Poisonous  Gases  in  the  Present  War 

NOTWITHSTANDING  the  fact  that  the  use  of  poisonous  gases  in  war  is 
distinctly  prohibited  by  the  Hague  Convention,  the  Germans  began  the 
employment  of  this  barbarous  weapon  early  in  1915.  At  first  it  fell  upon  the 
unsuspecting  Allied  Armies  like  a  blast  from  the  furnace  of  death,  but  within 
a  short  time  means  of  protection  were  found  and  since  that  time,  the  Allies 
have  not  hesitated  to  fight  the  devil  with  fire.  To  be  efficient  in  war  a  gas  must 
be  not  only  toxic,  but  it  must  possess  certain  physical  properties.  It  must  be 
heavier  than  air,  sufficiently  dense  to  prevent  rapid  dissipation  and  it  must  re- 
tain its  gaseous  state  within  certain  variations  in  pressure  and  temperature. 

Poisonous  gases  so  far  employed  in  war  may  be  divided  into  the  following 
classes : 

1.  Those  which  are  directly  and  immediately  poisonous. 

2.  Those  which  produce   slow   death,  by   asphyxiation. 

3.  Those  which  put  the  victim  out  of  action  without  doing  permanent  harm. 

Those  of  the  first  class  are  hydrocyanic  acid  (HCN),  arsenide  of  hydrogen 
(A.sHj,  sulphide  of  hydrogen   (H,S),  and  phosphide  of  hydrogen   (PH3). 

Those    of    the    second    class    are    chlorine     (CI),    oxychloride    of    carbon 
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iC-O-CU)  known  as  phosgene,  acroleine  (CH^-CO-CHO)  bromacetone 
(CHg-CO-CHBr,),  chloropicrine  (CCI-rNOo),  methyl  chloride  of  chloroform 
(Cl-COXHo-COand   methyl   chlorosulphate    (SO.-OCH.^-Cl). 

Some  of  the  third  class  are  chloracetone,  bromacetone,  iodacetone,  broma- 
cctic  ether  and  iodacetic  ether.  Those  of  the  third  class  are  not  known  as  poi- 
sonous gases,  but  as  lachrymogenous.  They  cause  an  abundant  flow  of  tears 
and  for  the  time  disable  the  men. 

The  Germans  first  used  chlorine  and  the  French  replied  by  the  use  of 
phosgene  (the  oxychloride  of  carbon)  which  is  said  to  be  twenty-four  times  as 
efl'ective  as  chlorine. 

Poisonous  gases  are  used,  (1)  in  waves,  (2)  in  hand  grenades,  (3)  in 
shells.  To  these  may  be  added  the  employment  of  liquid  fire.  Hand  grenades 
filled  with  hydrogen  phosphide  arid  high  explosives  have  been  used.  When  ex- 
]iloded  they  emit  a  dense  cloud  of  burning  phosphorus.  Chlorine  and  its  com- 
pounds are  usually  employed  in  waves.  On  account  of  its  lightness,  phosgene 
is  mixed  with  chlorine,  and  this  mixture  is  known  as  "Collongite."  When  re- 
leased from  the  tanks,  the  gas  rolls  along  the  ground  and  settles  in  the  trenches 
and  dug-outs.  The  effectiveness  of  the  wave  depends  greatly  upon  weather 
conditions,  notably  upon,  (1)  wind,  (2)  humidity,  (3)  sunshine.  The  wind 
must  be  in  the  right  direction  and  must  not  be  too  strong.  A  wind  of  about  six 
meters  per  second  or  thirteen  miles  per  hoin-  is  most  suitable.  A  humidity  of 
from  forty  to  sixty  per  cent  is  most  favorable.  In  bright  sunshine  and  with  low 
humidity,  the  gas  is  soon  dispersed.  Along  the  western  front  daily  weather 
observations  are  made  and  forecasts  recorded.  The  w^orking  of  a  gas  attack  is 
under  a  specially  trained  brigade  of  engineers.  The  tanks  are  so  placed  that 
the  gas  will  reach  the  enemy  and  not  fall  into  their  own  trenches.  Since  the 
trenches  are  tortuous  and  communicating,  this  is  often  no  small  task.  The 
tanks  are  about  ten  inches  in  diameter  and  four  feet  long,  weight  when  filled 
about  160  pounds  and  are  fitted  with  folding  handles.  One  great  desideratum 
is  to  surprise  the  enemy  and  many  devices  have  been  resorted  to  for  this  pur- 
pose. Concentration  of  the  gas  is  a  matter  of  the  greatest  importance.  When 
the  Germans  first  used  the  gas  it  killed  some  who  were  ten  kilometers  to  the 
rear.  The  liberation  of  a  gas  wave  is  accompanied  by  artillery  firing  and  fol- 
lowed by  an  infantry  attack.  This  must  be  wisely  correlated  or  disaster  will 
come  to  the  attacking  side.  One  purpose  of  the  artillery  fire  is  to  cover  the 
noise  of  the  gas  escaping  from  the  tanks.  Several  plans  have  been  devised  for 
the  early  detection  of  the  approaching  gas.  Strips  of  paj)er  which  are  turned 
red  by  traces  of  chlorine  are  suspended  in  front  of  the  trenches.  A  flame  on 
the  principle  of  a  Bunsen  burner  plays  upon  a  ring  of  metallic  copper.  The 
smallest  trace  of  chlorine  i»roduces  a  green  color. 

Much  efi^ort  has  been  expended  upon  devices  to  secure  protection  against 
the  waves.  High  explosives  have  been  tried  in  attempting  to  disperse  the  wave 
but  without  satisfactorv  results.  Neutralizing  gases  and  li(|uiils  li,'i\e  also 
proved  ineffectual.  Fire  pots  along  the  edge  of  the  trenches  were  used  for  a 
while,  l)Ut  have  been  for  the  most  part  discontiiuied.  These  pots  are  ignited 
when  the  gas  alarm  is  sounded  and  do  something  in  the  \\:\\  of  dispersing  and 
lifting  the  gas.      I'ags   tilled    with    sawdust    and    ignited    with    oil   h;i\t'   ln-en    used 


72  THE    JOURNAL   OF   LABORATORY   AND   CLINICAL    MEDICINE 

for  the  same  purpose.  Sprays  of  hyposulphite,  bicarbonate  and  carbonate  of 
soda  have  been  used.  All  attempts  to  secure  collective  protection  against  the 
chlorine  gases  have  failed  and  for  the  most  part  have  been  discarded  and  reli- 
ance is  now  placed  upon  the  individual  mask. 

The  latest  French  mask  is  made  of  several  thicknesses  of  gauze  quilted  to- 
gether, consisting  of  a  front  and  a  crescent-shaped  piece  which,  when  the  mask 
is  adjusted,  fits  from  just  in  front  of  the  ears,  down  the  cheeks  and  under  the 
chin,  the  two  horns  of  the  crescent  being  in  front  of  the  ears.  The  front  car- 
ries two  goggles  of  celluloid  fixed  in  place  by  metallic  rings  and  inside  rubber 
washers.  The  mask  is  held  in  position  by  elastic  bands  and  tape.  The  band 
which  goes  around  the  back  of  the  head  holds  the  front  firmly  against  the  fore- 
head, while  that  passing  laterally  over  the  head,  attached  to  the  crescents,  pulls 
tighly  up  under  the  chin. 

The  gauze  of  which  this  mask  is  made  is  light  brown  on  the  outside  and 
light  green  on  the  inner  side.  The  gauze  is  impregnated  with  the  neutralizing 
solution  and  furnishes  complete  protection  for  four  hours  when  the  gas  is  pres- 
ent in  the  proportion  of  1  :1000.  It  aiifords  no  protection  against  carbon 
monoxide.  When  not  in  use  the  mask  is  placed  in  a  waterproof  case  and  sus- 
pended like  a  haversack.  The  mask  meighs  375  gm.  and  the  cost  is  about  sixty 
cents. 

The  Tissot  apparatus,  furnished  the  gunners,  is  more  elaborate  than  the  mask 
and  permits  better  vision.  It  consists  of  a  metal  box  about  14  x  6  inches,  which 
carries  the  chemicals  and  is  suspended  ^between  the  shoulders.  A  flexible  tube 
ending  in  a  mask  passes  over  the  shoulder.  The  inspired  air  passes  through  the 
chemicals  in  the  box  and  is  purified.  Valves  are  so  arranged  that  the  expired 
air  is  discharged  outside  the  mask.  The  air  first  passes  over  water  by  which  it 
is  moistened,  then  sodium  carbonate  which  neutralizes  the  chlorine,  then  so- 
dium peroxide  which  supplies  oxygen.  The  English  have  a  similar  apparatus 
which  is  carried  over  the  left  shoulder  and  is  swung  around  to  the  chest  when 
in  use. 

The  only  protection  against  carbon  monoxide  so  far  used  is  the  Draegen 
apparatus,  long  used  in  mines.  It  consists  of  a  cylinder  of  oxygen  connected 
with  a  rubber  bag  with  a  tube  terminating  in  a  mouth  piece.  The  apparatus  is 
suspended  from  the  neck  and  hangs  in  front.  The  nose  is  closed  by  a  clip. 
Horses  are  protected  by  masks,  and  guns  from  the  corroding  effects  of  chlorine 
gas  by  vaseline  or  some  heavy  oil.  The  charging  of  shells  with  liquefied  gas  is 
a  delicate  operation,  and  must  be  done  at  low  temperature.  The  No.  4  French 
gas  shell  contains  the  following  mixture: 

HCN  SO  parts 

Sn   CI4  35     " 

As   CI3  10      " 
CHCI3  5     " 

The  tin  chloride  seems  to  keep  the  hydrocyanic  acid  gas  at  proper  tension. 
The  arsenic  is  added  as  a  smoke  producer  and  the  chlorofrom  prevents  crystal- 
lization. No.  5  shell  contains  phosgene  and  No.  12,  bromide  of  benzyl.  The 
last  mentioned  is  especially  valuable  in  "Counter  Battery"  work  in  which  No. 
12  shells  are  alternated  with  high  explosives. 
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The  liquid  fire  apparatus  consists  of  a  compressed  air  tank  under  a  pres- 
sure of  600  kilos  per  square  meter  connected  by  an  iron  pipe  with  a  valve  with 
a  second  tank  containing  gasoline  under  a  pressure  of  10  kilos  per  square  meter. 
From  the  gasoline  tank  a  reinforced  flexible  tube  passes  under  the  right  arm 
and  ends  in  an  iron  projection  with  a  pilot  flame.  The  operator  opens  the  valve 
between  the  two  tanks  in  his  back,  lights  the  pilot  by  a  friction  slide  and  ejects 
the  flame  in  any  direction  and  up  to  20  meters.  With  a  continuous  flame,  one 
tank  lasts  about  ten  minutes  and  with  an  intermittent  flame,  much  longer.  The 
gasoline  may  be  used  as  a  spray  and  then  ignited. 

Professor  Archard  has  prepared  an  official  pamphlet  on  the  use  of  poison- 
ous gases  from  the  medical  standpoint.  From  this  the  following  abstract  is 
made. 

Medical  officers  should  familiarize  themselves  practically  with  wearing  the 
masks  in  rooms  filled  with  gas  and  in  observations  on  animals  both  partially  and 
fatally  gased.  Both  French  and  English  officers  have  this  practical  training. 
This  is  done  both  in  rooms  and  in  the  open  with  conditions  as  nearly  identical 
as  possible  with  those  of  actual  warfare.  The  first  effect  of  small  quantities 
of  chlorine  (1:1000)  is  irritation  of  the  upper  respirator}^  tract  causing  cough- 
ing and  a  sensation  of  suffocation.  Rarely  this  may  cause  unconsciousness  re- 
sembling chloroform  anesthesia.  Autopsies  have  been  made  on  men  found 
dead  in  the  trenches,  as  the  result  of  a  wave,  and  showing  no  pulmonary  lesion. 
This  is  an  exceptional  condition.  In  stronger  concentrations  of  chlorine,  men 
surprised,  feel  an  intense  suffocation,  fall  helpless  and  die  in  a  few  minutes. 
The  face  is  dark,  the  lips  greenish  blue,  the  skin  greenish  with  spots  that  are 
almost  black.  Experimentally  dogs  fall  within  45  seconds  and  are  dead  within 
twice  this  time.  On  immediate  autopsy  the  peripheral  vessels  do  not  bleed. 
The  lungs  do  not  occupy  more  than  one-third  the  chest  cavity.  In  color  they 
are  greenish  gray  and  in  consistency  that  of  India  rubber.  On  section  the  lungs 
are  dry,  bloodless  and  friable,  having  the  appearance  of  cooked  sausage.  The 
trachea  and  bronchia  are  dry  and  gray.  The  heart  is  in  systole,  dry  and  rough. 
The  right  heart  is  slightly  dilated  and  contains  blood,  which  is  thick  and  stains 
the  hands  brown.  Other  organs  appear  normal.  Rapid  death  is  frequent  among 
the  unprotected.  In  slower  poisoning  there  is  quickly  developed  an  edema  of 
the  lungs  and  death  may  occur  within  an  hour  or  after  some  days.  One  hears 
over  the  entire  lung  area,  the  subcrepitant  rales  of  edema  though  this  may  be 
marked  more  or  less  by  stronger  bronchial  rales.  The  heart  sounds  are  heard 
with  difficulty  on  account  of  the  respiratory  sounds.  The  median  pulse  may 
be  imperceptible  and  the  arterial  tension  falls  way  low.  The  individual  often 
complains  of  severe  pain  in  the  base  of  the  chest.  Vomiting  and  purging  may 
occur,  but  are  not  constant.  Some  die  without  the  appearance  of  lesions  and 
from  severe  intoxication.     As  a  rule  these  are  the  older  men. 

Whatever  may  have  been  the  beginning,  on  arrival  at  the  hospital  there  is 
an  incessant  cough.  Admission  to  a  warm  room  and  the  recumbent  position 
act  as  sedatives.  Cold,  speech,  and  movement  intensify  the  cough.  The  tem- 
perature may  be  elevated  one  or  two  degrees  for  a  few  days  but  then  falls  to 
normal  or  below.  Headache  and  asthenia  are  marked  and  may  last  for  some 
weeks.     As  a  rule  the  urine  is  normal  but  there  mav  bo  suffusion   followed  by 
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albuminuria.  A  prognosis  can  not  be  safely  made  within  three  days  but  most 
of  those  who  hve  this  long  recover  under  proper  care.  Old  men  are  more 
seriously  affected  than  the  young. 

One  of  the  most  common  complications  is  a  subcutaneous  emphysema  mani- 
festing itself  by  a  distension  of  the  tissues,  particularly  at  the  base  of  the  neck. 
Pulmonary  gangrene  is  rare  but  gased  men  should  be  kept  out  of  hospitals 
in  which  surgical  gangrene  has  developed.  Gangrene  of  the  extremities  some- 
times terminates  in  death.  Poisoning  with  phosgene  is  the  same  as  that  with 
chlorine  but  more  serious. 

The  blood  is  black  and  tarry  and  does  not  run  well.  There  is  no  deformity 
of  the  cells,  white  or  red.  The  latter  are  increased  in  number  and  show  no 
abnormality  in  hemoglobin   content  or  spectroscopic   appearance. 

The  main  points  in  the  treatment  of  those  poisoned  with  chlorine  or  phos- 
gene are  the  following : 

1.  Stop  the  poisoning  by  removal  from  the  vitiated  air  or  by  protection 
with  a  mask. 

2.  Assist  normal  aeration  by  giving  a  pearl  of  ether,  by  the  inhalation  of 
oxygen  or  by  inhaling  very  dilute  ammonia.  The  last  mentioned  procedure  must 
be  resorted  to  with  the  greatest  caution. 

3.  Restore  normal  circulation  and  blood  pressure  by  taking  from  300  to 
500  c.c.  of  blood  and  repeating  this  with  due  caution  if  necessary  by  subcutaneous 
injections  of  cafifeine  or  strychnine.  Subcvitaneous  injections  of  large  volumes 
of  fluid,  salt  solution,  alkaline  or  hyposulphite  solutions  should  never  be  re- 
sorted to. 

4.  Relieve  the  obstruction  of  the  bronchi  by  emetic  doses  of  ipecac.  Smaller 
doses  of  this  drug  may  be  continued  for  some  days. 

5.  Allay  the  irritation  by  rest  in  a  warm,  moist  air  with  the  inhalation  of 
oxygen.  It  should  be  understood  that  any  use  of  oxygen  is  only  sedative  and 
not  curative.  One  may  be  poisoned  with  chlorine  in  the  midst  of  an  excess  of 
oxygen. 

Hydrocyanic  acid  gas  kills  but  does  not  wound.  There  is  an  odor  of 
bitter  almonds.  A  sense  of  constriction  about  the  throat  and  head  and  then 
unconsciousness.  The  body  stiiTens  with  a  few  tremors  and  death  results. 
Pathologic  changes  are  not  marked.  The  tissues  are  reddened  somewhat  by 
the  combination  of  the  poison  with  the  hemoglobin.  The  masks  give  some 
protection. 

First  aid  stations  sliould  have  all  openings  away  from  the  enemy  and  in 
a  gas  attack  double  cloths  should  be  hung  over  the  entrance  and  kept  sprayed 
with  a  solution  of  carbonate  and  hyposulphite  soda — the  same  as  is  used  in 
the  mask.  The  clothes  of  all  who  enter  the  station  in  a  gas  attack  should  be 
treated  with  the  same  spray.  The  usual  formula  for  the  neutralizing  solution 
is  as  follows : 


Water 

1000  parts 

Hyposulphite   of    Soda 

220    " 

Carbonate   of    Soda    (Solvay) 

175    " 

or    Crystalline 

475    " 

— F.  C.  V. 
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AN  INVESTIGATION  OF  THE  CHEMICAL  COMPOSITION  AND 
BIOLOGIC  AVAILABILITY  OF  PEPTONE* 


By  Lewis  Davis,  S.M.,  Detroit,  Mich. 


rHE  use  of  peptone  in  the  preparation  of  bacteriologic  culture  media  is  advo- 
cated in  the  earHest  works  on  bacteriology.  While  it  is  undoubtedly  a  fact 
hat  for  many  organisms  ordinary  beef  infusion  furnishes  all  of  the  necessary 
nod  requirements,  addition  of  even  a  small  amount  of  peptone  causes  a  pro- 
lounced  increase  in  growth  and  metabolic  activity. 

Bainbridge^  and  others  have  observed  that  even  some  of  the  extremely  active 
jutrefactive  organisms  are  unable  to  attack  and  decompose  native  proteins.  How- 
ever, if  a  small  quantity  of  peptone  or  some  other  readily  assimilable,  nitrogenous 
tnaterial  be  present,  decomposition  soon  takes  place  with  rapid  disappearance  of 
.he  protein. 

That  there  is  a  specificity  to  the  role  of  peptone  in  a  culture  medium,  is  par- 
:icularly  shown  by  its  use  in  the  elaboration  of  toxin  by  Bact.  diphtherise,  the  pro- 
duction of  indol  by  the  colon  bacillus  and  its  necessary  presence  for  the  successful 
a^rowth  in  vitro  of  such  delicate  organisms  as  the  spirochetes.  The  early  investi- 
gations of  Park  and  Williams-  have  pointed  out  the  necessity  of  peptone  in  the 
production  of  diphtheria  toxin.  Recent  successful  use  of  media  containing 
tryptophane^  for  the  production  of  indol  by  bacteria  clearly  shows  that  the  func- 
tion of  the  peptone  in  Dunham's  medium  is  to  furnish  material  containing 
tryptophane. 

It  is  readily  apparent  that  the  chemical  composition  of  ])ept()nc  has  a  decided 
Influence  on  its  bacteriologic  availability.  That  this  tiuestion  has  not  received 
more  attention  in  the  ])ast  is  largely  due  to  the  fact,  that  almost  from  the  beginning 
3f  bacteriology-,  Witte's  peptone  has  served  as  standard  in  culture  media  pre])ara- 
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tion.  The  present  scarcity  of  this  imported  peptone  and  the  appearance  of  a 
number  of  domestic  substitutes  has  necessitated  careful  consideration  of  their 
biologic  availabilities.  The  present  investigation  was  undertaken  to  compare  the 
chemical  composition  as  well  as  the  utilization  by  bacteria  of  domestic  peptones 
with  Witte's  peptone  as  a  standard.  In  the  course  of  the  study,  data  was  obtained 
which  finally  led  to  the  preparation  of  an  experimental  peptone  that  has  been 
found  entirely  satisfactory  for  bacteriologic  use  and  in  the  producton  of  toxins. 

EXPERIMENTATION 

A.  Methods  of  Analysis 

Samples  of  the  various  brands  purchasable  in  the  open  market  were  obtained, 
each  given  a  laboratory  number  for  identification,  and  the  examination  was  then 
conducted  under  the  following  captions : 

1.  Physical  examination  including  appearance,  odor,  solubility  in  cold  and 
hot  water  and  preparation  of  the  more  common  culture  media  from  each  sample, 
in  accordance  with  the  Standard  Methods  of  the  A.  P.  H.  A.* 

2.  Chemical  examination  comprised  analyses  of  total  nitrogen,  moisture, 
total  mineral  matter,  phosphoric  acid  as  P2O-,,  chlorides  as  NaCl,  calcium  as  CaO 
and  determination  of  reaction  in  aqueous  solution.  Supplementing  the  above, 
qualitative  determinations  were  made  for  the  presence  of  albumoses  (addition  of 
saturated  zinc  sulphate,  ammonium  sulphate,  picric  acid  solutions)  protopro- 
teoses  (addition  of  saturated  sodium  chloride  solution,  potassium  ferrocvanide  in 
acetic  acid  solution),  tyrosin  (xanthoproteic,  Millon's  reaction)  ;  tryptophane 
[(Adamkiewicz)-Hopkins-Cole  reagent]  ;  creatinin  (Jafife's  reaction),  the  behav- 
ior towards  the  biuret  test,  as  well  as  with  three  volumes  of  95  per  cent  alcohol 
and  a  comparison  of  free  amino  acids  present. 

3.  Bacteriologic  examination,  made  in  association  with  my  colleague,  H.  C. 
Ward,  included  the  determination  of  the  conduct  of  various  bacteria  in  the  more 
common  liqui4  and  solid  media  made  from  each  sample,  growth  and  production 
of  indol  in  Dunham's  solution,  viability  tests  with  sensitive  organisms,  and  direct 
isolation  of  bacteria  from  pathologic  material.  Of  greater  delicacy  than  any  of 
the  preceding  tests,  the  writer,  has  found  to  be  the  production  of  a  potent  toxin 
by  B.  diphtheriae  in  ordinary  (2  per  cent)  peptone  bouillon.  In  fact,  this  test 
combined  with  development  of  indo'l  by  B.  coli  in  Dunham's  solution  has  been 
employed  as  "a  preliminary  test"  of  bacteriologic  availability  in  the  examination 
of  experimental  peptones. 

For  the  analysis  of  total  nitrogen,  a  modified  Gunning  method  was  used, 
which,  while  giving  somewhat  lower  results  than  the  official  methods,  was  simpler 
and  permitted  of  comparative  results  with  equal  accuracy.  Moisture  and  total 
mineral  matter  were  determined  in  platinum  utensils  in  accordance  with  the  usual' 
technic.  Phosphoric  acid  was  estimated  in  a  nitric  acid  solution  of  the  ash  by 
precipitation  as  ammonium  phosphomolybdate,  and  dissolving  in  an  excess  of 
sodium  hydroxide  as  employed  in  the  volumetric  estimation  of  total  phosphoric 
acid  in  fertilizers.^  The  same  solution  of  the  ash  was  used  for  vokmietric 
determinations  of  chlorides  and  calcium.  The  calcium  was  precipitated  as  oxalate, 
dissolved  in  sulphuric  acid  and  titrated  against  potassium  permanganate  solution. 
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vhile  the  solution  for  chlorides  was  carefully  neutralized  with  sodium  hydroxide, 
ind  then  titrated  against  silver  nitrate  solution  with  potassium  chromate  as 
ndicator  by  Mohr's  method.*' 

Estimating  proteoses  by  precipitation  with  saturated  zinc  sulphate  solution 
iccording  to  Bomer'  was  tried  and  gave  fairly  concordant  results  with  Witte's 
)eptone  which,  as  is  known,  consists  largely  of  proteoses.  Most  of  the  other 
samples  examined  had  so  little  albumoses  present  that  qualitative  examination  with 
he  reagents  mentioned  above  gave  all  the  necessary  information.  Direct  esti- 
nation  of  peptone  nitrogen  by  phosphotungstic  acid  or  bromine  precipitation  was 
found  to  be  unsatisfactory.  As  the  "tannin-salt  method  of  Sjerning,  as  modified 
by  Bigelow  and  Cook,*  is  dependent  upon  the  proteose  nitrogen  value,  this  pro- 
:edure  could  not  be  accurately  applied  for  peptone  valuation.  Here  again,  the 
qualitative  examination,  supplemented  by  the  biuret  test,  gave  some  idea  of  the 
Sdegree  of  digestion  of  the  sample. 

The  reaction  of  the  sample  peptones  was  determined  on  a  1  per  cent 
aqueous  solution  both  by  a  hot  titration  method  and  more  accurately  with  the 
hydrogen  electrode.  For  the  hot  titration,  10  c-c  of  the  1  per  cent  peptone 
(solution  were  diluted  with  40  c.c.  of  water,  boiled  for  one  minute,  then  titrated 
hot  against  N/10  sodium  hydroxide,  using  phenolphthalein  as  an  indicator.  The 
concentration  of  hydrogen-ions  was  measured  by  the  hydrogen  electrode  recom- 
mended by  Bovie,^  using  a  Weston  Standard  Cell,  calomel  electrode,  galvanom- 
eter, and  the  direct  reading  potentiometer  described  by  Bartell.*  Comparison 
of  the  free  alpha  amino  acids  present  in  Witte's  and  the  other  test  peptones  was 
made  with  1  per  cent  solutions,  using  the  colorimetric  method  of  Harding  and 
MacLean^'^  (color  produced  by  twenty  minute  boiling  with  pyridine  and  nin- 
hydrin)  and  a  Duboscq  colorimeter. 

As  test  organisms  for  determining  the  nutrient  index  of  peptone  samples  by 
subculture  transfers,  B.  coli,  staphylococcus  aureus,  diplococcus  meningitis,  strep- 
tococcus pyogenes,  M.  catarrhalis,  M.  gonorrhese  and  B.  prodigiosus  were  em- 
ployed. The  growths  on  slant  agar  at  2)7°  C.  both  after  24  hours  and  48  hours 
were  recorded  for  all  except  B.  prodigiosus  which  was  cultivated  at  20°  C. 
Inoculations  from  these  were  made  to  a  new  series  of  agar  slants  and  the  growths 
noted,  after  which  the  above  process  was  twice  repeated. 

Dunham's  solutions  containing  the  test  peptones  (with  0.5  per  cent  sodium 
chloride)  and  sterilized  at  autoclave  temperature,  were  used  for  growth  and 
viability  tests.  Vigorous  24-hour,  slant  agar  cultures  of  Staph,  aureus,  B.  coli. 
and  B.  prodigiosus  were  emulsified  with  10  c.c.  of  salt  solution,  filtered,  and  a 
uniform  amount  of  suspension  inoculated  into  a  series  of  test  peptone  tubes  by 
mixing  with  capillary  and  bubbling.  A  1/10  c.c.  sample  was  then  removed  from 
each  tube  and  agar  plates  made  as  "controls."  These  were  incubated  at  the  opti- 
mum temjjeratures  and  counted.  The  peptone  tube  cultures  were  now  grown  for 
24  hours  and  ])lates  again  made  as  before,  the  same  procedure  being  repeated  at  72 
hours  and  96  hours. 

For  the  indol  valuations,  the  same   (Dunliam's  peptone)    sohuions  as  above 

•Paper  read  before  the  Biological  Section,  American  Chemical  Society,  New  York  City,  Sept.  27,  1916. 
This  paper  has  now  appeared  in  Jour.   Am.  Chcin.    Soc,   1917,   xxxix,   4,  (i30. 

The  work  on  hydrogcii-ion  concentration  was  <lone  at  the  University  of  Michiiian,  .\nii  .Arhcir.  in 
the  laboratory  of  Prof.  Bartell,  to  whom  the  writer's  sincere  thanks  are  due. 
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were  employed.  Four  cultures  of  B.  coli  of  known  indol-producing  capacity 
(with  Witte's  peptone)  were  selected,  together  with  a  culture  of  B.  typhosus  as  a 
"negative  control."  Uniform,  comparable,  suspensions  in  sterile  salt  solution  of  a 
24-hour  slant  agar  culture  of  each  of  the  organisms  were  made  and  1  c.c.  of  each 
culture  suspension  added  to  sets  of  sample  peptone  tubes.  The  tubes  were  incu- 
bated at  2)7°  C.  for  96  hours,  then  qualitative  indol  determinations  were  made  by 
adding  1  c.c.  of  a  10  per  cent  sulphuric  acid  solution,  thoroughly  mixing,  and 
then  adding  without  mixing  1  c.c.  of  a  freshly  made  0.01  per  cent  solution  of 
sodium  nitrite.  The  formation  of  the  well-known  purplish  red,  nitroso-indol  ring 
of  Salkowski^^  on  standing  in  the  cold  for  fifteen  minutes  indicated  presence  of 
indol,  a  record  being  made  of  the  intensity  of  the  ring.  Although  this  test  is  not 
as  delicate  as  the  modified  test  of  Ehrlich,^-  it  was  deemed  of  more  practical 
significance,  since  for-  the  case  in  hand  indol  should  be  formed  in  appreciable 
quantity  to  be  of  value  as  a  diagnostic  index. 

Comment  has  already  been  made  upon  the  importance  of  diphtheria  toxin 
production  in  valuing  a  peptone  sample.  The  test  culture  employed  was  of  known 
toxin-producing  power  and  gave  rapid  and  abundant  pellicle  formation  in  ordinary 
2  per  cent  peptone  (Witte)  bouillon.  A  reaction  of  the  bouillon  corresponding  to 
a  hydrogen-ion  concentration  of  1x10"**  (+5  on  the  Fuller  Scale)  before  steriliza- 
tion was  found  to  give  the  best  results.  On  sterilizing  such  a  medium  in  an  auto- 
clave at  115°  C.  for  20  minutes,  the  reaction  rises  to  about  -hlO  on  the  Fuller 
Scale   (C.H  =^  3x10*)   which  permits  of  rapid  and  vigorous  growth. 

In  order  to  accustom  the  organism  to  any  variations  due  to  the  test  peptone, 
"starter"  flasks  containing  30  c.c.  of  bouillon  in  a  250  c.c.  flask  were  first  inocu- 
lated, cultured  for  24  hours  at  Z7°  C,  the  purity  of  the  growths  checked,  and  the 
contents  aseptically  transferred  to  3  liters  of  the  same  bouillon  in  6  liter  flasks. 
After  incubating  for  12  days  at  Z7°  C,  examination  for  purity  was  made,  0.4  per 
cent  trikresol  added,  allowed  to  stand  24  hours,  then  filtered. 

Since  diphtheria  toxin  is  usually  employed  for  immunization  purposes,  the 
strength  of  the  toxins  prepared  as  above  was  estimated  by  the  L  +  dose  in  accord- 
ance with  the  Hygienic  Laboratory  Method. ^^  An  interesting  fact  noted  in  culti- 
vating Bact.  diphtherise  for  toxin  production  was,  that  while  the  growth  in  larger 
flasks  showed  no  gross  difference  from  that  obtained  in  small  flasks,  other  condi- 
tions being  the  same,  there  was  a  marked  variation  in  both  toxicity  and  final  reac- 
tion.' Thus,  500  c.c.  of  bouillon  in  a  liter  flask  invariably  gave  a  wesker  toxin  and 
final  alkaline  reaction  to  phenolphthalein,  while  3000  c.c.  in  a  six  liter  flask  gave  a 
stronger  toxin  with  final  acid  reaction  to  phenolphthalein.  Large  flasks  were  ac- 
cordingly employed  for  all  toxin  cultivation  with  test  peptones. 

No  preliminary  cultivation  was  found  necessary  for  the  production  of  tetanus- 
toxin.  A  virulent  culture  of  B.  tetani  was  used  in  glucose  bouillon  (2  per  cent 
peptone)  with  oil,  incubation  carried  on  for  three  weeks  at  37°  C,  examination 
for  purity  then  made,  and  the  same  procedure  followed  as  with  diphtheria  toxin. 
In  accordance  with  the  usual  practice,  the  strength  was  determined  by  an  approxi- 
mate estimation  of  the  minimum  lethal  dose,  as  recommended  by  Rosenau  and 
Anderson.^* 


*The  relationship  of  hydrogen-ion   concentration   to   toxigenicity   of   Bact.    diphtherire   is   being  studied, 
and  will  appear  in  a  later  paper. 
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B.  Laboratory  Results 

Exclusive  of  experimental  products,  seven  different  brands  of  bacteriologic 
peptone  were  examined.  These  comprised  samples  of  Witte's  and  six  domestic 
products  which  are  grouped  in  the  succeeding  tables  of  results  under  the  caption 
of  "American  Brands."  In  addition  to  the  preceding,  there  are  included  in  the 
comparisons,  two  experimental  products  designated  as  "Exp.  Xo.  1"  and  "Exp. 
No.  2,"  respectively.  The  first  of  these  two  peptones,  after  the  basic  constituents 
had  been  determined  upon,  was  devised  so  as  to  give  a  product  having  as  nearly 
as  possible  the  same  general  reactions  and  gross  chemical  composition  as  Witte's 
peptone.  Further  work  on  bacterial  utilization  of  peptones  showing  among  other 
factors,  greater  degrees  of  hydrolysis  than  experimental  No.  1,  led  to  the  prepa- 
ration of  the  second  of  the  two  experimental  products  given  in  the  tables.  In  all 
cases,  the  results  tabulated  in  the  foregoing  are  based  on  at  least  three  separate 
samples  of  each  brand,  duplicate  determinations  having  been  made  with  each 
sample. 

The  physical  examination,  as  may  be  noted  from  Table  I,  shows  the  general 

1  "appearance  of  the  various  brands  to  be  nearly  the  same.  Only  two  products 
(No.  51  and  No.  125)  evidenced  a  decidedly  unpleasant  odor,  the  odor  in  one 
case  (No.  51)  being  apparently  due  to  microbial  decomposition,  as  the  moisture 
content  of  this  sample  was  high. 

A  marked  difference  of  solubility  in  water  (2  per  cent  solution)  is  found 
between  Witte's  peptone  and  all  the  other  brands  examined.  While  the  former 
dissolves  only  with  difficulty  in  cold  water  and  leaves  a  bulky  residue  on  boiling,, 
all  of  the  other  products  readily  go  into  solution  in  the  cold,  and  leave  only  a 
small  precipitate  on  boiling.  Results  obtained  with  experimental  samples  indi- 
cate that  this  residue  given  by  Witte's  peptone  is  partly  due  to  its  higher  content 
of  proteoses  and  other  protein  degradation  products.  In  two  cases  (Xo.  51  and 
No.  138)  the  precipitate  obtained  was  colloidal  in  nature,  filtered  with  difficulty,, 
and  gave  turbid  bouillon  and  Dunham's  solution,  but  had  no  effect  on  the  agar. 
Media  prepared  from  four  of  the  samples  (Nos.  51,  67,  126,  and  138)  were  con- 
siderably more  darkened  than  would  be  expected  as  a  result  of  autoclave 
sterilization. 

Table  II  shows  that  all  of  the  brands  examined  give  a  strong  xanthoproteic 
reaction  indicating  presence  of  tyrosin  which  is  confirmed  by  the  behavior  with 
Millon's  reagent.  Tryptophane  is  shown  by  a  strong  Hopkins-Cole  (Adam- 
kiewicz)  reaction  in  Witte's  peptone,  both  experimental  products,  No.  51,  and 
No.  126.  Creatinine,  as  given  by  Jaffe's  reaction,  is  present  in  perceptible  amount 
in  No.  138,  and  to  lesser  extent  in  Nos.  67,  126,  and  132.  Excluding  the  first 
experimental  product  which  was  prepared  so  as  to  contain  albumoses  in  quantity, 
Witte's  peptone  is  the  only  product  showing  an  appreciable  portion  of  albumoses 
as  measured  by  the  reactions  with  saturated  ammonium  sulphate,  zinc  sul])hate 
and  picric  acid  solutions.  A  small  amount  of  primary  proteoses  in  Witte's  pep- 
tone is  revealed  by  the  jirecipitates  obtained  with  copper  sul])hate  (biuret  test) 
and  on  addition  of  potassium  ferrocyanide  solution  lo  an  acetic  acidified  solution 
of  the  peptone.  That  this  substance  is  not  ])resent  in  appreciable  (|uantit\,  is 
shown  by  the  absence  of  precipitate  with  the  satuiated  sodium  chloridr  rcaL;cnt. 
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Both  the  biuret  reaction  and  the  behavior  towards  three  volumes  of  95  per 
cent  alcohol  were  used  as  comparative  tests  to  determine  similarity  with  Witte's 
peptone  rather  than  to  detect  any  specific  substance.  Although  the  "biuret"  color 
obtained  with  most  of  the  samples,  when  the  reaction  was  performed  under  uni- 
form conditions,  might  be  characterized  as  pink,  there  was  still  a  considerable 
difference  in  the  intensity  of  this  color.  From  experimental  preparations,  it 
appears  possible  that  the  color  factor  is  influenced  by  the  degree  and  manner 
of  hvdrolizing  the  constituent  proteins.  All  of  the  American  brands  appear  to  be 
nearlv  completely  -soluble  in  three  volumes  of  95  per  cent  alcohol,  while  both 
Witte's  and  the  experimental  products  show  small  precipitates  with  this  reagent. 


Table  III 

Analyses  of  Peptone  Samples 

AMERICAN  BRANDS 

Exp. 

Exp. 

No.  S] 

No.  67 

No.  125 

No.  126 

No.  132 

No.  138 

Witte 

No.  1 

No.  2 

Total 

10.91% 

13.50% 

13.78%, 

12.41%) 

15.56%o 

12.42%o 

14.52% 

14.35%> 

14.25% 

Nitrogen 

Moisture 

8.847c 

5.52% 

5.08% 

10.20% 

4.82% 

6.43% 

6.35% 

5.13% 

4.3% 

Ash 

13.71% 

8.20% 

3.98% 

13.01% 

3.92% 

10.13% 

3.44% 

4.06%o 

2.86% 

Phosphoric 

0.18% 

0.96% 

1.66% 

1.64% 

1.05% 

2.11% 

0.42% 

0.75%> 

1.02% 

Acid  as 

P0O5  in  as! 

1 

Calcium 

0.80% 

0.45% 

0.82% 

0.52%o 

0.51% 

0.70% 

1.08%o 

1.13% 

0.10%, 

as  CaO 

in  ash 

Chlorides 

7.76% 

3.72% 

0.13% 

5.67% 

0.26%c 

2.39% 

0.54%o 

0.72%, 

0.35% 

as  NaCl 

in  ash 

Reaction 

+9 

+13 

+15 

+14 

+11 

+23 

+6 

+10 

+13 

(1%  sol.) 

Firller 

Scale 

H-ion 

7.6x 

5.0x    • 

6.1x 

5.8x 

4.3x 

8.0x 

3.2x 

6.8x 

Conc'n 

10-- 

io-« 

10-- 

10-- 

10-6 

10-6 

10-7 

10-7 

(l%sol.) 

Ratio 

1.07 

1.75 

2.05 

2.00 

1.75 

3.12 

1.00 

2.22 

Amino 

Acids 
(Witte  =  l) 

The  analytical  data  presented  in  Table  III,  shows  that  not  only  is  there  a 
marked  variation  among  the  domestic  products  themselves,  but  also  a  difference 
from  Witte's  and  the  experimental  products.  The  total  nitrogen  ranges  from 
10.91  per  cent  (No.  51)  to  15.56  per  cent  (No.  132)  with  the  "normal"  as  given 
by  Witte's  peptone,  about  14.5  per  cent.  Moisture  seems  to  be  a  more  nearly 
constant  factor,  the  average  being  about  6  per  cent  and  only  two  samples  (No. 
51  and  No.  126)  show  amounts  above  8  per  cent.  These  same  samples  also  have 
the  highest  content  of  mineral  matter,  both  over  13  per  cent,  and  the  lowest 
amount  is  shown  by  experimental  No.  2  with  less  than  3  per  cent.  In  all  cases, 
the  high  ash  content  is  found  to  consist  mostly  of  chlorides,  probably  sodium 
chloride,  and  with  one  exception  (No.  51),  phosphates  in  addition.  Calcium 
appears  to  be  a  predominant  constituent  in  the  ash  of  Witte's  peptone  and  also 
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in  the  first  of  the  experimental  products.  Most  of  the  domestic  samples  appear 
to  have  this  cation  present  in  only  about  half  the  amount  shown  by  the  two  brands 
mentioned. 

Comparison  of  the  acidity  which  1  per  cent  aqueous  solutions  of  the  various 
brands  give  by  the 'hot  titration  method  shows  Witte's  peptone  to  have  a  value 
of  +  6  (Fuller  Scale)  against  more  than  twice  this  amount  recorded  for  nearly 
all  of  the  other  brands.  The  fallacy  of  "hot  titration"  and  the  errors  in  the  use  of 
phenolphthalein  as  an  indicator  for  culture  media  reactions  have  been  ably 
pointed  out  by  Clark. ^^  Determination  of  the  actual  hydrogen-ion  concentration 
of  these  peptone  solutions  by  the  gas  cell  show  three  brands  (Nos.  67,  132,  and 
138)  to  have  what  might  be  termed  an  appreciable  acidity,  above  4x  10*',  while 
the  remainder  are  very  nearly  neutral.  It  is  interesting  to  note,  as  substantiating 
the  findings  of  Clark,  that  two  of  these  three  more  acid  peptones,  Nos.  67,  and 
132,  actually  show  less  acidity  by  hot  titration  (+13,  -^11)  than  do  peptones  of 
smaller  hydrogen-ion  concentration,  like  No.  125,  and  No.  126,  with  values  of 
+  15  and  -  14,  respectively  (Fuller  Scale). 

The  fact  that  Witte's  peptone,  as  may  be  noted  from  Table  II,  is  the  least 
digested  of  any  of  the  other  brands  examined,  suggested  the  possibility  that  the 
acidity  of  a  peptone  solution  when  valued  by  hot  titration  is  intimately  associated 
with  the  amount  of  free  amino  acids  present.  Using  Witte's  peptone  as  a  standard, 
colorimetric  comparison  of  the  amount  of  free  amino  acids  in  the  various  samples 
shows  this  to  be  the  case.  In  other  words,  the  high  titration  values  are  given  by 
the  products  having  higher  amounts  of  free  amino  acids  present.  Aside  from 
peptone  No.  138  and  Witte's,  which  represent  the  two  extremes,  the  true  reaction 
of  the  other  products,  as  measured  by  their  hydrogen-ion  concentration,  appears 
to  bear  no  relationship  to  the  free  amino  acids  present. 

In  determining  the  nutritive  value  of  peptones  for  general  bacterial  require- 
ments, biologic  tests  are  desirable  which  will  give  a  definite,  quantitative  estima- 
tion. As  a  consequence,  subculture  transfers  on  slant  agar  in  accordance  with 
the  method  already  outlined  gave  no  satisfactory  comparisons.  The  more  deli- 
cate organisms,  like  the  meningococcus,  M.  catarrhalis  and  M.  gonorrhea  showed 
no  viability  on  any  peptone  agar  after  the  fifth  or  sixth  transfer,  while  the  more 
common  semiparasitic  types,  which  are  not  as  complex  in  their  food  require- 
ments, gave  luxuriant  growth  with  all  of  the  peptones  examined. 

Attempts  to  value  the  peptone  samples  by  agar  plate  estimations,  as  described 
under  "Methods  of  Analysis,"  were  abandoned.  The  organisms  employed  grew 
so  luxuriantly  in  Dunham's  solutions,  made  from  all  of  the  test  peptones,  that 
flocculent  precipitates  were  formed  which  interfered  with  accurate  counts'  by  the 
place  method.  Direct  isolation  of  bacteria  from  pathologic  material  by  use  of 
media  incorporating  the  test  peptones  appears  to  be  a  more  promising  index  of 
nutritive  value.  This,  however,  is  necessarily  a  slow  process  and  comi)arative 
data  to  be  used  for  this  purpose  is  still  accumulating.  In  view  of  the  preceding, 
more  significance  was  attached  in  \aluing  a  sample  to  its  utilization  in  tin-  produc- 
tion of  toxins  and  also,  but  to  a  lesser  extent,  in  the  formation  of  indol.  It  is  ajv 
preciated  that  bacteriologists  do  not  regard  indol  formation,  f^cr  sr,  as  of  ]iara- 
mount  importance,  \ct  it  will  be  conceded  tliat  a  peptone  which  does  not   permit 
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of  indol  production  would  not  be  considered  as  practical  for  bacteriologic  appli- 
cation. Aside  from  the  practical  importance  of  toxins  in  the  production  of  anti- 
toxins and  of  indol  formation  in  the  sense  just  discussed,  both  of  these  products 
are  capable  of  quantitative  measurement. 


Table  IV 
Bacterial  Utilization  oe  Sample  Peptones 


TEST 

peptone 


growth  b.  diph-      l  +  dose 
theri-E  in  2%     diphtheria 
bouillon  toxin 


GROWTH 
B.  TETANI 

GLUCOSE 
BOUILLON 


M.    F.    DOSE 

TETANUS 

TOXIN 


growth       indol  pro- 
b.  coli  in    duction  b. 
Dunham's  coli  in  dun- 
sol,  ham's  sol. 


■  No.    51 

Slow— Thin 
pellicle 

Above 
1.5  c.c. 

Vigorous 

0.33  c.c. 

Heavy 

Moderate 

No.   67 

Scant — No 
pellicle 

Above 
1.5  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Faint 

No.   125 

Moderate — 
Thin   pellicl 

e 

Above 
1.5  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Small 

No.   126 

Rapid    and    vigor- 
ous.   Heavy  pellicle 

1.5  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Stronj 

No.   132 

Scant — No 
pellicle 

Above 
1.5  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Faint 

No.   138 

Scant— No 
pellicle 

Above 
1.5  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Faint 

Witte 

Rapid    and 
ous.    Heavy 

vigor- 
pellicle 

0.33  c.c. 

Vigorous 

0.25  c.c. 

Moderate 

Moderate 

Exp.  No.  1 

Rapid    and 
ous.    Heavy 

vigor- 
pellicle 

0.40  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

\'ery 
strong 

Exp.  No.  2 

Rapid    and 
ous.    Heavy 

vigor- 
pellicle 

0.15  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Very 
strong 

The  results  given  in  Table  IV,  show  that  only  one  of  the  domestic  brands. 
(No.  126)  when  incorporated  into  bouillon  permits  of  vigorous  growth  and  pel- 
licle formation  by  the  diphtheria  bacillus.  Luxuriant  growth  and  heavy  pellicle 
formation  by  Bact.  diphtheriae  do  not  necessarily  indicate  strong  toxin  production ' 
as  shown  by  the  fact  that  the  toxin  in  this  case  required  1.5  c.c.  for  an  L  -  dose. 
Witte's  peptone,  as  is  known,  also  gives  good  growth,  but  a  toxin  of  almost  five 
times  the  strength  (L  +  dose  0.33  c.c).  The  most  potent  product,  however,  was 
furnished  by  "Experimental  No.  2"  wuth  an  average  L  +  dose  less  than  half  that 
of  Witte's  (0.15  c.c).  Individual  tests  of  toxins  prepared  with  peptones  made  in 
a  similar  way  have  shown  even  higher  toxicities  (L+  dose  0.10). 

All  of  the  products  examined  permit  of  vigorous  growth  and  strong  toxin 
formation  with  B.  tetani.  Tests  with  experimental  preparations  show  that  many 
hydrolized  proteins  have  this  capacity.  As  may  be  further  noted  from  the  table, 
heavy  growth  of  B.  coli  was  obtained  with  all  of  the  products  except  Witte's 
when  used  in  Dunham's  media.  With  the  Witte  samples,  the  growth  is  moderate 
and  diffused  throughout  the  tube,  and  has  no  tendency  toward  precipitation  as 
found  with  some  of  the  other  products.    Corroborating  the  tests  made  for  trypto- 
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phane  given  in  Table  II,  the  experimental  products  are  found  to  give  the  strong- 
est indol  tests,  with  No.  126  next,  while  Witte's  and  No.  51  follow,  both  showing 
about  the  same  intensity  of  color  formation.  Here  again  as  with  diphtheria  toxin, 
luxuriance  of  growth  is  found  to  be  no  criterion  of  indol  formation. 

DISCUSSION 

Consideration  of  the  data  presented  in  the  preceding  brings  into  question  the 
value  of  the  examinations,  and  the  significance  of  the  results  obtained.  In  the 
final  analysis,  the  value  of  any  product  must  be  gauged  by  the  manner  in  which  it 
fulfills  practical  requirements.  With  a  substance  like  peptone,  the  point  at  issue 
is  not  whether  it  is  in  granular  form  or  powdered,  not  whether  it  has  a  certain 
quantity  of  total  nitrogen  or  chlorides,  but  how  does  it  on  practical  test  meet  the 
needs  of  the  bacteriologist.  In  other  words,  the  product,  to  be  of  value,  must 
contribute  to  the  nutritive  requirements  of  the  ordinary  saprophytic  and  parasitic 
organisms  and  yet  be  of  sufficient  flexibility  in  its  constitution  so  as  to  furnish 
potent  toxins  or  permit  of  tracing  decomposition  changes  produced  by  an  organ- 
ism, as  for  example  the  elaboration  of  indol  or  the  production  of  hydrogen  sul- 
phide. Illustrative  of  these  versatility  requirements  is  the  fact  that  Witte's  pep- 
tone is  employed  to  advantage  in  the  preparation  of  the  complex  media  required 
for  cultivating  the  spirochetes. 

Based  on  these  premises,  the  actual  bacteriologic  application  of  test  peptones 
by  incorporation  in  cukure  media  is  the  crucial  test  of  value.  Aside  from  giving 
information  as  to  the  appearance  of  the  media,  the  physical  properties  of  a  peptone 
are  only  of  passing  importance.  Quantitative  chemical  analyses  for  the  gross 
constituents  are  merely  of  value  as  means  of  controlling  uniformity,  once  the 
general  requirements  for  satisfactory  peptone  are  established.  Thus,  a  big  defi- 
ciency in  nitrogenous  constituents  as  measured  by  total  nitrogen,  an  actual,  exces- 
sive acidity,  or  a  large  amount  of  mineral  matter  are  undesirable  factors  revealed 
by  such  analyses.  It  must  be  borne  in  mind,  in  this  connection,  that  the  usual  con- 
centration in  which  the  peptone  is  to  be  employed  rarely  exceeds  2  per  cent. 

More  important  information  as  to  the  applicability  of  a  peptone  for  bac- 
teriologic purposes  is  furnished  by  the  qualitative  examination  for  amino  acids 
and  other  hydrolysis  products.  All  protein  bodies  may  be  regarded  as  built  up  of 
a  certain  number  of  "bricks,"  of  which  amino  acids  play  the  most  important  part. 
Peptone,  which  is  a  protein  degradation  product  actually  has  present  a  certain 
amount  of  amino  acids  in  the  free  state,  (Conii)are  Table  III),  the  amount  de- 
pending on  the  method  of  preparation  employed. 

The  value  of  the  peptone  in  bacterial  nutrition  will  be  governed  entirely  by 
the  "bricks"  present  which  can  be  utilized  by  the  bacteria.  \\'hile  some  of  these 
basic  constituents  are  absolutely  necessary  for  the  maintenance  of  bacterial  life 
and  development,  others  in  turn  will  be  utilized,  if  ])resent.  for  the  production  ot 
certain,  so  to  speak,  "by-products,"  not  essential  to  nu-tabolisni.  Thus,  as  shown 
by  the  results  given  in  Tables  II  and  IV,  the  products  containing  appreciable 
quantities  of  trypto])hane  are  found  to  give  marked  indol  formation  with  R.  coli. 
This,  in  a  measure,  also  explains  why  Ract.  dii)htheria'  can  grow  luxuriantly  as, in 
No.  126  without  strong  toxin   formation.     The  results  obtained  in  the  study  at 
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hand  show,  that  among  others  tyrosin,  as  well  as  tryptophane,  is  an  important  con- 
stituent of  a  satisfactory  bacteriologic  peptone. 

The  bacteriologic  data  presented  in  Table  IV  show  that  the  domestic  prod- 
ucts examined  give  either  weak  or  no  diphtheria  toxin,  while  Witte's  gives  a 
decidedly  potent  product.  On  the  basis  of  the  above  statements,  this  should  be 
due  to  the  presence  of  "bricks"  in  Witte's  which  are  not  present  in  the  other 
brands.  The  validity  of  this  hypothesis  is  shown  by  the  fact  that  an  experimental 
product  (Experimental  No.  1)  devised  so  as  to  contain  as  nearly  as  possible  the 
basic  constituents  of  Witte's  peptone  and  hydrolized  to  the  same  degree,  gives  very 
nearly  the  same  results  on  practical,  bacteriologic,  and  toxin  tests. 

From  theoretical  considerations  the  more  simple  the  essential  basic  constitu- 
ents are,  the  better  will  they  be  utilized  by  bacteria.  Experimentation  along  this 
line  has  resulted  in  the  preparation  of  a  product  (Experimental  No.  2)  whicH 
among  other  factors,  has  been  hydrolized  to  a  much  greater  degree  than  either 
Witte's  peptone  or  the  first  experimental  product.  Table  IV  shows  that  where  a 
measure  of  bacteriologic  utilization  is  possible,  as  in  production  of  diphtheria 
toxin,  more  than  twice  the  potency  is  obtained.  The  results  with  other  organisms, 
taking  into  consideration  the  limitations  of  such  findings,  fully  substantiate  the 
superior  nutritive  properties  of  the  product. 

SUMMARY 

1.  Physical  properties  and  gross  chemical  analyses  are  of  secondary  impor- 
tance in  estimating  the  bacteriologic  availability  of  peptones.  More  valuable 
information  is  given  by  determination  of  the  protein  hydrolysis  products  present. 

2.  Comparative  values  of  practical  importance  are  best  furnished  by  certain 
biologic  tests  permitting  of  quantitative  estimation.  These  are  the  elaboration  of 
diphtheria  and  tetanus  toxins,  and  to  a  lesser  extent,  the  production  of  indol. 

3.  Domestic  peptones  furnish  satisfactory  tetanus  toxin,  but  are  unable  to 
give  a  potent  diphtheria  toxin, — a  property  possessed  by  Witte's  peptone.  Indol 
producing  power  is  shown  by  some  of  the  domestic  products  as  well  as  by  Witte's 
peptone. 

4.  An  experimental  peptone  is  described  which  answers  all  the  requirements 
of  bacteriologic  use,  including  the  production  of  diphtheria  and  tetanus  toxins,, 
possessing  superior  activity. 

BIBLIOGRAPHY'^ 

^Bainbridge :     Tour.  Hyg.,  Cambridge,  1911,  ii,  341. 

-Park  and  Williams :      Tour.   Exper.   Med.,   1896,  i,   164. 

•■'Zipfel:     Centralbl.  f.  Bakteriol..   1912,  Ixiv,   1.   (Orig.)   65. 
Cannon  :     Jour.  Bacteriol.,   1916,  i,  536. 

•^Standard  Methods  of  Water  Analysis  A.  P.  H.   A.,   1912. 

^Methods  of  Analysis,   A.  O.   A.   C— Bull.   No.    107    (Rey.)    Bur.   of   Chem.    U.    S.    Dept. 
of  Agr.,  1912,  4. 

«Mohr:     Cited  in  Treadwell-Hall,  Analytical  Chemistry,  John  Wiley  &  Sons,   1908,  ii.  545. 

■'Bumer:     Ztschr.  f.  anal.  Chem.,  1895,  v,  562. 

^Bigelow  and  Cook:    Jour.  Am.  Chem.  Soc.,  1906,  xxviii,  1496. 

"Bovie:     Jour.   Med.   Research,   1915,  xxxiii,  295. 
I'^'Harding  and  MacLean :     Jour.  Biol.  Chem.,  1915,  xx,  217. 
iiSalkowski:     Cited  by  Ford:     Proc.  Am.  Pub.  Health  Assn.,   1900,  xxyi,  305. 
J^Ehrlich:     Cited  bv  Bohme:     Centralbl.   f.   Bakteriol.,   1905,   xl,   1    (Oris.),    129. 
I'Rosenau:     Bull.  No.  21,  Hyg.  Lab.  U.  S.  Pub.  Heahh   Seryice,  1915. 
i+Rosenan  and  Anderson:     Bull.  No.  43,  Hyg.  Lab.  U.  S.  Pub.  Health  Seryice.   1908. 
"Clark:     Jour.  Infect.  Dis.,  1915,  xvii,  109. 


A  TENTATIVE  EXPLANATION  OF  THE  MECHANISM  OF  HEMOLYSIS 

ASSOCIATED  WITH  LOSS  OF  WATER,  AND  THE  BEARING  OF 

THE  PHENOMENON  ON  CERTAIN  BIOLOGIC  PROBLEMS* 


By  C.  C.  Guthrie,  M.D.,  PhD.,  Pittsburgh,  Pa. 


IT  seems  most  probable  that  information  leading  to  a  better  understanding  of 
certain  ultimate  biologic  processes  will  be  achieved  through  the  acquisition  of 
more  facts  concerning  the  cell  and  its  component  parts.  Naturally,  questions  con- 
cerning the  morphologic  and  physicochemical  properties  of  cell  surfaces  must  be 
thoroughly  understood  before  great  progress  can  be  made.  For,  the  many-sided 
activities  carried  on  between  the  interior  cell  substances  and  its  surroundings  must 
be  understood  before  it  is  possible  to  unravel  the  ultimate  questions  concerned  with 
intracellular  metabolism.  Therefore,  hemolytic  studies  of  any  nature  whatsoever 
should  receive  the  most  careful  scrutiny  and  consideration  from  biologists  repre- 
senting the  different  fields  in  biology,  in  order  to  insure  that  observations  of  a 
fundamental  character  may  not  be  overlooked.  Other  studies  directed  to  the 
elucidation  of  facts  concerning  cell  membrane  properties  using  phenomena  other 
than  hemolysis,  such  as  changes  in  irritability,  reproduction,  etc.,  are  not  of  less 
importance,  but  in  many  instances  the  observations  are  subject  to  much  greater 
error  than  is  the  case  in  hemolysis. 

CLASSIFICATION   OF   HEMOLYSIS 

Agencies  capable  of  producing  hemolysis  have  been  classified  by  Stewart^ 
as  follows:  (1)  mechanical  means  (pressure,  trituration,  shaking)  ;  (2)  physical 
changes  (freezing  and  thawing,  heat,  condenser  discharges,  water,  drying  and 
subsequent  exposure  to  salt  solutions)  ;  (3)  chemical  agents  (saponin,  bile  salts, 
ether,  chloroform,  acids,  alkalies,  etc.)  ;  (4)  biologic  agents  (the  specific  hemoly- 
sins— including  the  bodies  active  in  putrefactive  hemolysis,  spontaneous  laking, 
autolysis). 

In  regard  to  such  classification,  however,  he  says  that  it  is  "not  a  strict  one, 
although  it  is  useful  for  purposes  of  description.  It  is  quite  probable,  for  ex- 
ample, that  interchange  of  water  between  the  corpuscles  and  the  suspending 
liquid  is  produced  by  the  first  group  and  that  chemical  changes  are  produced  bv  the 
second.  On  the  other  hand,  physical  effects  are  unquestionably  concerned  in  the 
action  of  such  reagents  as  saponin,  which  dissolve  cholesterin  and  lecithin,  in 
biologic  hemolysis,  properly  so-called,  both  chemical  and  physical  reactions  are 
also  in  all  probability  concerned." 

The  writer's  interest  in  this  subject  is  first  indicated  by  a  publicatinn  in  l''0o, 
entitled  "The  Laking  of  Dried  Red  Blood  Corpuscles."-  Though  ])rior  to  that 
time  the  phenomenon  had  been  observed,^  nothing  ai)[)roaching  a  .systematic  study 
was  found  in  the  literature. 

The  action  of  a  large  number  of  reagents  on  the  diicd  icd  corpuscles  of  man, 
the  dog,  cow,  rabbit,  chicken,  and  frog  was  studied. 

*Froni  the  Physiological  Laboratory,  University  of  Pittsburgh. 
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Blood  films  were  spread  on  glass  slides  and  allowed  to  dry,  after  which  a 
cover  slip  was  applied  and  the  slide  examined  with  the  microscope.  A  drop  of  the 
reagent  was  then  placed  on  the  slide  at  the  margin  of  the  cover  slip  so  that  it 
would  spread  into  the  preparation,  and  the  result  was  then  observed. 

Rapid  laking  was  produced  by  addition  of  the  animal's  own,  or  the  serum 
of  another  animal ;  or  by  the  addition  of  iso-  or  hypertonic  aqueous  solutions  of 
nonelectrolytes  and  electrolytes  except  such  as  readily  convert  the  hemoglobin  into 
insoluble  substances ;  e.  g.,  strong  solutions  of  alcohol  or  of  sodium  hydroxide. 

The  precise  amount  of  water  which  it  was  necessary  to  remove  from  the 
corpuscles  in  order  to  produce  the  alteration  in  the  envelope,  or  stroma,  on  which 
the  action  depended,  was  not  exactly  determined ;  but  experiment  showed  that  it 
was  necessary  to  remove  some  of  the  intracorpuscular  water  in  addition  to  extra- 
corpuscular  Avater. 

When  gradual  drying  takes  place  in  a  wet  blood  mount,  the  corpuscles  at  the 
edges  become  enlarged,  and  extensive  laking  occurs. 

Consideration  of  these  results  led  to  the  belief  that  a  better  insight  into  the 
mechanisms  involved  might  be  obtained  by  studies  of  laking  associated  with  loss 
of  water  by  means  other  than  evaporation,  as  by  the  application  of  hypertonic 
salt  solutions,  or  by  freezing  and  thawing. 

HEMOLYSIS    BY    HYPERTONIC    SOLUTIONS 

With  this  in  view,  the  hemolytic  properties  of  hypertonic  solutions  of  a  num- 
ber of  relatively  inert  inorganic  salts  and  other  substances,  including  the  chlorides 
of  Na,  K,  Mg,  Ca,  and  Ba ;  the  sulphates  of  Na,  K,  Mg ;  cane  sugar  and  glycerine 
were  studied.*  From  the  results  it  seemed  that  the  degree  of  laking  by  hypertonic 
sodium  chloride  solutions  or  by  hypertonic  solutions  of  other  inert  salts  depended 
upon  the  concentration  of  the  solution;  that  in  hypertonic  solutions  of  inert  sub- 
stances in  equimolecular  concentrations,  laking  was  not  the  same  in  all ;  that  in 
equimolecular  hypertonic  concentrations,  the  chlorine  salts  were  more  powerful 
than  the  corresponding  sulphates ;  and  that  nonelectrolytic  solutions  as  cane  sugar 
and  glycerine,  in  hypertonic  concentration  produced  laking,  and  this  varied  with 
the  concentration  of  the  solution. 

At  the  time  of  publishing  these  results  I  was  unaware  that  a  few  months 
previously  Herzfeld^  had  published  results  of  a  similar  study.  He  observed 
some  difference  in  the  resistance  of  corpuscles  of  different  animals.  Using  30 
per  cent  NaCl  he  observed  complete  hemolysis  of  human  blood  in  five  minutes 
and  of  dog's  in  20  to  25  minutes,  and  a  greater  resistance  in  rabbit's  blood.  Brah- 
machari,^  who  prior  to  Herzfeld  had  studied  hemolysis  by  hypertonic  solutions, 
also  observed  greater  resistance  of  rabbit's  blood  to  laking  by  strong  sodium 
chloride  solution. 

HEMOLYSIS  BY  FREEZING  AND  THAWING 

It  was  observed  that  blood  could  be  repeatedly  frozen  and  thawed,  as  in 
freezing  point  measurements,  with  slight  or  no  laking.  But  when  blood  was  ex- 
posed for  some  time  to  a  temperature  considerably  below  the  freezing  point,  on 
thawing  strong  laking  occurred. 
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Experiments  were  performed  to  determine  what  degree  of  cooling  was  neces- 
sary to  cause  laking,  and  to  study  the  relation  of  the  degree  of  laking  to  the 
length  of  time  of  exposure  to  such  temperature.'' 

The  blood  of  various  animals  including  ox,  dog,  cat,  and  fowl  were  used.  No 
marked  diiTerences  in  the  behavior  of  the  different  bloods  was  observed.  The 
results  showed  that  slight  or  no  laking  occurred  when  the  temperature  of  the 
blood  was  sufficiently  lowered  for  the  formation  of  crystals  of  ice  if  the  blood 
was  maintained  at  this  temperature  but  a  short  time ;  that  when  maintained  at  a 
temperature  between  a  point  slightly  lower  than  the  freezing  point  and  -1.0°  C. 
for  ten  minutes  or  more,  laking  occurred  after  room  temperature  had  been  restored 
for  some  time ;  and  that  the  degree  of  laking,  within  limits,  varied  with  the  degree 
to  which  the  temperature  was  lowered,  and  with  the  length  of  time  the  low 
temperature  was  maintained. 

DISCUSSION 

The  mechanism  of  hemolysis  by  hypertonic  solutions  of  salts  of  a  neutral 
chemical  character  that  do  not  readily  penetrate  cell  membranes  is  obscure,  though 
numerous  possibilities  exist  and  explanations  have  been  offered.  Brahmachari 
suggests  that  hypertonic  solutions  of  sodium  chloride  lake  by  uniting  with  some 
cellular  constituent  and  thus  alter  its  normal  properties.  If  this  is  true,  it  would 
seem  that  such  union  is  at  least  of  doubtful  chemical  character;  for  a  number  of 
inorganic  salts  as  well  as  cane  sugar  and  glycerine  in  hypertonic  solution  niav  cause 
laking. 

From  our  knowledge  of  the  morphology,  chemistry,  and  the  phvsicochemical 
relationships  existing  in  cell  membranes,  it  would  seem  that  the  action  of  salts  in 
changing  the  physicochemical  state  of  the  proteins,  as  by  precij^itation  or  by  a  les- 
ser change  in  the  colloidal  arrangement,  may  be  an  important  factor.  Lipoid  and 
lipoid-like  substances  as  lecithin  and  cholesterin  are  generally  believed  to  be  con- 
cerned in  the  formation  of  such  membranes.  Perhaps  some  type  of  union  between 
these  and  other  substances  with  protein  constituents  existing  normally®  are  dis- 
rupted by  salt  action  in  such  a  manner  that  the  normal  architecture,  so  to  speak,  is 
irreparably  injured.  Since  water  is  an  ever  present  and  essential  constituent  of  all 
such  structures,  its  withdrawal  below  a  certain  limit  in  itself  may  lead  to  or  con- 
tribute to  such  a  result.  However  this  may  be,  certain  phenomena  observed  in 
the  cells  under  the  influence  of  hypertonic  solutions  are  difficult  of  explanation, 
as  for  example,  fragmentation  and  swelling."  In  the  case  of  fragmentation,  per- 
haps inequality  of  osmotic  conditions  or  ])hysical  strength  of  the  cell  are  factors. 
In  the  case  of  swelling  or  increase  in  size  before  laking,  as  may  be  observed 
under  certain  conditions,  it  is  difficult  to  formulate  a  hypothesis.  No  doubt  the 
reasons  are  physicochemical  and  in  pari  (hu-  to  change  in  pei-nu'al)ilit\-  of  the  cell 
membrane.  It  would  seem  tmlikely  that  a  great  change  of  the  molecular  concen- 
tration (jf  the  cell  would  occur  under  the  conditions,  vet  this  is  indicated  hv  the 
picture  jiresented.  It  should  not  be  oxcrlooked,  however,  lli.it  the  osmotic  proper- 
ties presented  by  living  cells  may  be  (|uite  different  from  those  present  after 
death. '°  Therefore,  toxic  action  of  hemolytic  agents,  (toxic  being  used  in  ihv. 
sense  that  the  presence  of  substances  presenting  this  (|ualit\  is  incompatible  with 
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retention  of  cellular  vitality  due,  for  example,  to  production  of  asphyxiation), 
may  be  an  important  factor  in  concomitant  lytic  processes. 

Neither  is  the  mechanism  of  laking  by  freezing  and  thawing"  understood 
Since  it  is  known  that  'drying  through  evaporation  will  cause  laking,  it  is  possible 
that  drying  through  crystallization  of  water^-  may  account  for  laking  by  freezing. 
But  again,  since  it  is  known  that  hypertonic  solutions  may  cause  laking,  and  since 
there  is  evidence  that  the  freezing  point  of  serum  is  somewhat  higher  than  that  of 
the  intracellular  liquids  and,  therefore,  in  freezing,  a  concentration  of  the  serum 
occurs,  it  may  be  that  such  laking  is  fundamentally  the  same  as  laking  by  hyper- 
tonic solutions.  Another  consideration  is  that  in  thawing,  water  is  liberated  from 
the  ice  crvstals  and  if  the  process  be  rapid,  there  is  a  possibility  that  uniform  re- 
admixture  with  the  salts  may  not  instantly  take  place — hence  anisotonic  conditions 
occur.  The  belief  that  frozen  tissues  have  a  better  chance  of  surviving  when  slowly 
thawed  points  in  this  direction. 

GENERAL    CONSIDERATIONS 

Such  phenomena  are  of  wide  biologic  interest.  From  this  standpoint  it  is 
necessary  to  consider  the  effects  of  evaporation,  hypertonic  solutions  and  freez- 
ing and  thawing  upon  multicellular  organisms  as  a  whole  as  well  as  upon  individual 
cells. 

A  good  example  is  the  effect  of  evaporation  upon  frogs  particularly  in  regard 
to  body  weight  and  function.  Such  studies  gave  very  interesting  results  as  regards 
the  great  loss  of  water  that  may  rapidly  take  place  without  destruction  of  life ; 
the  very  rapid  taking  up  of  water  under  such  conditions ;  and  the  increase  of  the 
body  weight. ^'^  Placed  in  wire  cages  in  the  air  of  the  laboratory  a  very  rapid 
loss  of  weight  occurred,  amounting  in  twenty- four  hours  to  as  much  as  40  per 
cent  to  45  per  cent  of  the  original  weight.  If  the  loss  was  not  greater  than  this, 
recovery  might  take  place  if  the  animal  were  placed  in  water.  The  gain  in  weight 
was  very  rapid,  the  total  weight  within  four  hours  amounting  to  as  much  as  121 
per  cent  of  the  original  weight,  or  200  per  cent  of  the  weight  after  drying.  Don- 
aldson and  Schoemaker"  observed  a  great  difference  in  the  water  content  of 
frogs  at  different  seasons.  Durig^''  made  more  extensive  observations  upon  the 
loss  of  water  through  evaporation  and  studied  the  effect  upon  body  weight  and 
upon  tissue  functions.  In  muscle-nerve  studies  on  dried  frogs,  he  in  general 
observed  decrease  in  the  activities,  which  is  in  agreement  with  the  statement  of 
Davenport^^'  in  summing  up  the  role  of  water  that  "it  is  essential  to  movement  and 
those  chemical  processes  which  constitute  metabolism." 

It  is  a  common  experience  in  the  physiologic  laboratory  to  observe  increased 
irritability  of  isolated  nerves  through  evaporation.  As  a  rule,  hypertonic  salt 
solutions  irritate.  A  large  number  of  substances  both  electrolytic  and  non- 
electrolytic  that  have  the  common  property  of  being  truly  soluble,  as  salts  of 
Na,  K,  NH4  Ca,  Ba,  Mg,  and  sugar  and  glycerine  act  in  this  manner. 

Owing  to  the  many  statements  made  concerning  a  special  inhibiting  or  anes- 
thetic property  of  hiagnesium  salts  as  compared  to  others,  it  is  of  interest  that  in 
our  experiments  this  view  has  received  no  substantiation.  Indeed,  direct  applica- 
tion of  strong  solutions  of  magnesium  salts  powerfully  stimulate  both  sensory  and 
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motor  nerves,  as  shown  by  Liljestrand  and  others.^"  It  is  true  that  with  enormous 
doses  irritabihty  is  finally  abolished,  but  this  is  true  with  many  other  salts.  In 
fact,  it  is  well  known  that  anesthesia  can  be  produced  by  water  alone. 

Lillie  states  that  strong  cytolytic  action  incidentally  involves  stimulation.^* 
In  the  case  of  the  electrolytes  this  may  be  due  to  the  electrical  charges  associated 
with  the  ions  acting  upon  the  electrical  state  of  the  colloids,  associated  with  solu- 
tion and  surface  tension  phenomena  as  described  by  Alathews.^'^ 

Many  interesting  observations  have  been  made  by  experimental  morphol- 
ogists,  zoologists  and  others,  which  serve  to  emphasize  the  very  great  importance 
of  water  content  of  tissues.-"  Of  particular  interest  is  the  existence  of  forms 
which  in  nature  are  subjected  to  sudden  periods  of  drought,  such  as  rotifers. 
Definite  protective  mechanisms  are  found,  such  as  the  abilit}'  to  encapsulate  by 
means  of  a  slimy  secretion,  which  resist  extreme  desiccation.-^  An  example  of 
an  interesting  natural  protective  mechanism  against  low  temperatures  is  furnished 
by  the  observation  of  Tower,--  that  before  hibernation  the  potato  beetle  loses 
almost  one-third  of  its  weight  of  water,  thus  leading  to  concentration  and  lower- 
ing of  the  freezing  point  of  its  protoplasm. 

Large  differences  are  observed  between  the  different  classes  of  organisms 
in  their  abilities  to  resist  and  survive  desiccation.  The  same  is  true  regarding  the 
ability  of  organisms  to  survive  low  temperatures.  In  the  case  of  higher  organisms 
an  important  consideration  is  the  cessation  of  certain  functions  of  specialized 
tissues  at  comparatively  high  temperatures  after  which  general  recovery  is  im- 
possible. Different  tissues  of  the  same  animal  show  marked  differences  in  their 
susceptibility  to  low  temperatures  as  judged  by  their  recovery.  For  example, 
Cameron  and  Brownlee-^  found  that  recovery  in  frogs  subjected  to  low  tempera- 
tures may  be  prevented  through  injurious  actions  on  the  brain  or  cord.  If  the  tis- 
sues of  the  entire  animal  are  maintained  for  two  hours  at  a  temperature  of  -  1.5° 
and  -  .8°  C.  recovery  does  not  occur.  Frog's  heart  muscle  survives  a  temperature 
of  -  2.5°,  but  is  killed  by  a  temperature  of  -  3.0°.  Other  muscular  tissue  will  sur- 
vive a  temperature  of  -  2.9°,  while  jieripheral  nerves  are  not  killed  b}-  much  lower 
temperatures. 

A  very  practical  consideration  connected  with  survival  of  animal  tissues  after 
freezing  is  the  actual  degree  of  temperature  experienced  by  the  cells  themselves 
or  intracellular  components.  A  frog  may  be  frozen  until  it  is  rigid  and  yet  the 
cells  will  not  be  frozen,  owing  to  the  higher  freezing  point  of  body  liquids,  and 
also  probably  to  the  concentration  of  cellular  contents  associated  with  extra- 
cellular ice  formation  and  to  metabolic  chemical  processes  continuing  in  the  cells, 
resulting  of  course,  in  heat  production.  Also,  there  are  reasons  for  believing 
that  a  cell  does  not  freeze  uniformly  throughout.  It  has  been  shown'-'  that  the 
death  temperature  of  the  cell  is  lower  than  the  point  at  which  ice  forms  within  it, 
also  that  intracellular  oxidation  is  most  active  in  the  nucleus.  Therefore,  from  the 
greater  heat  production  it  would  tend  to  resist  freezing  more  strongl\  than  the 
cytoplasm. 

SUMMARY 

In  each  of  the  three  methods  of  laking  considered,  a  condition  of  h\  pcrtonic- 
ity  or  concentration  of  salts  is  present,  but  it  is  not  possible  to  conclude  that  this 
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is  the  basic  cause  of  the  phenomenon  in  each  case.     It  is  beheved,  however,  that 
sufficient  evidence  is  available  to  render  such  a  hypothesis  tenable. 

Hypertonicitv  mav  injure  cells  in  many  ways,  but  desiccation  and  change  in 
physicochemical  state  ali'e  conspicuous  possibilities  in  the  studies  presented.  A  few 
instances  are  cited  to  indicate  the  wide  bearing  of  the  problems  involved. 
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STUDIES  ON  CHOLESTEROL* 


in.  Influence  of  Bile  Derivates  in  Bloor's  Cholesterol  Determination 


By  Georgine  Luden,  M.D.,  Rochester,  Minn. 


IN  the  latter  part  of  1915  Bloor^  published  his  modification  of  the  Atitenrieth- 
Funk  test  for  cholesterol  in  the  blood.  Shortly  afterward  he  still  further  sim- 
plified his  method  by  omitting  the  addition  of  sodium  ethylate  to  the  alcohol-ether 
extract  of  the  blood  before  evaporation.  Bloor's  object  in  adding  sodium  ethy- 
late had  been :  First,  to  destroy  the  "brownish  tint,"  well  known  to  all  those  who 
have  worked  on  cholesterol ;  and  second,  to  break  up  cholesterol  esters  by 
saponification.^ 

For  the  sake  of  brevity,  the  writer  will  refer  to  Bloor's  original  method  as 
Bloor  I,  and  to  its  subsequent  modification  as  Bloor  II. 

Bloor  himself  has  called  attention  to  the  fact  that  his  method  gives  slightly 
higher  values  than  that  of  Autenrieth,  and  he  now  attributes  the  brownish  tint 
to  overheating  during  the  process  of  evaporation.  An  exhaustive  study  of  the 
relative  accuracy  of  the  cholesterol  values  found  by  Autenrieth  and  the  Bloor 
and  digitonin  methods  has  recently  been  published  by  Mueller. ^^  Mueller  had  ap- 
parently based  his  work  entirety  on  Bloor's  second  publication^  as  no  mention  of 
the  first  is  found  in  his  paper,  though  the  effect  of  saponification  on  the  cholesterol 
values  is  discussed  in  connection  with  experiments  of  his  own.  As  regards  the 
relative  merits  of  the  three  methods  mentioned  he  comes  to  the  following  con- 
clusions :  "Colorimetric  analyses  of  the  blood  give  results  too  high  for  true 
cholesterol  because  they  include  other  ether-  and  chloroform-soluble  substances, 
whereas  digitonin  determinations  are  the  more  nearly  correct.  Values  obtained 
by  colorimetric  methods  should  be  considered  as  representing  cholesterol  plus 
some  more  or  less  closely  related  substances,  very  likely  of  the  nature  of  oxida- 
tion products."  Mueller  adds  that  there  is  some  question  as  to  the  properties  of 
these  oxidation  products,  one  of  them  possibly  the  so-called  "oxycholesterol"  that 
has  been  shown  by  the  work  of  Lifschiitz''  *  to  exist  in  the  blood  normall}-.  but 
that  "since  much  of  the  oxycholesterol  work  remains  as  yet  unconfirmed  it  is 
scarcely  desirable  to  speculate  on  the  exact  part  which  is  played  by  these  derivates 
in  the  results  obtained  in  cholesterol  determinations."  As  an  answer  to  Mueller's 
comments  on  the  Bloor  method  in  its  modified  form,  Bloor  and  Knudson  published 
a  new  procedure  for  the  "separate  determination  of  cholesterol  and  cholesterol 
esters  in  small  amounts  of  blood"  by  means  of  w  hich  they  come  to  the  conclusion 
that  "either  there  are  no  other  substances  in  blood  jilasnia,  or  i1k'\-  b(.'ha\e,  when 
treated  with  digitonin,  in  the  same  way  as  ordinary  cholesterol." 

In  connection  with  these  statements,  a  number  of  observations  which  1  have 
made  since  Mav  15,  V)\f),  on  a  series  of  748  l)I(i()(l  cholesterol  determinali(jns,** 
may  not  be  without  interest.     The  series  com])ris<.'s  .^74  diiYereiU  blood  sam])les 


•From  the  .Mayo  Clinic,  kochcster,  .Minn. 
*'This  series  does  not  incliuie  400  samples  cxamiiu-il   before   NL-iy    15,    I'M 6. 
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including  the  blood  of  patients  suffering  from  various  diseases,  specimens  of  my 
own  blood  in  various  experiments  on  nutrition,  and  w^eekly  tests  of  the  blood  of 
experimental  animals.  In  every  instance  parallel  determinations  of  the  same 
blood  sample  were  made  by  the  Bloor  I  and  Bloor  II  methods ;  i.  e.,  with  and 
without  the  addition  of  sodium  ethylate  to  the  ether-alcohol  extract  before 
evaporation. 

It  was  found  that  by  the  Bloor  I  test,  lower  values  were  obtained  than  by 
the  Bloor  II  test  in  practically  every  instance,  with  the  exception  of  a  relatively 
small  number  of  cases  that  will  be  discussed  presently.  In  other  words,  the  addi- 
tion of  sodium  ethylate  before  evaporation  seemed  to  destroy  some  color  com- 
ponent which  appeared  to  be  responsible  for  the  higher  values  found  in  the  test 
without  sodium.  Mueller  discusses  the  effect  of  strong  alkali  on  the  cholesterol 
values  in  relation  to  Autenreith's  method,  and  shows  by  a  number  of  tests  devised 
by  himself  that  "there  is  apparently  no  further  loss  after  saponification."  My 
experiments  seem  to  show  that  the  strong  alkali  may  effect  the  color  value  of  the 
test  in  a  way  in  no  wise  related  to  the  process  of  saponification. 

It  was  further  observed  that  the  difference  in  the  values  obtained  by  the 
Bloor  I  and  Bloor  II  methods  was  subject  to  slight  variation  in  different  blood 
samples,  but  that  it  ranged  between  0.050  and  0.070  mg.  in  over  100  specimens  of 
blood  giving  approximately  "normal"  cholesterol  values.*  It  was,  therefore, 
decided  to  call  this  difference,  provisionally  at  least,  the  "normal  interval"  be- 
tween the  two  tests.  On  the  other  hand,  a  number  of  blood  samples  obtained 
from  indi^'iduals  of  whose  pathologic  condition  there  could  be  little  doubt, 
showed  a  marked  deviation  from  this  normal  interval.  The  "pathologic"  blood 
samples  could  be  divided  into  two  groups.  One  group,  supplied  by  ten  patients 
suffering  from  the  same  disease,  gave  identical  values  with  both  tests  and  will  be 
discussed  in  another  paper.  The  samples  of  the  other  group  had  been  obtained 
from  twenty  patients  with  symptoms  of  disturbed  liver  function.  The  group 
included  cases  of  severe  obstructive  jaundice,  hemolytic  jaundice,  acute  gastro- 
intestinal catarrh  (urobilin  strongly  positive  in  the  urine)  and  various  milder 
forms  of  "biliousness,"  with  and  without  icterus.  Every  case  belonging  to  the 
latter  group  showed  a  marked  increase  of  the  normal  interval,  ranging  from 
0.090  to  0.280  mg.,  the  highest  value  being  found  in  the  blood  of  a  patient  who 
had  been  "extremely  jaundiced  since  five  weeks." 

The  deduction  seemed  admissible  that  the  high  values  registered  in  these  cases 
by  the  test  without  sodium  might  be  due  to  the  presence  of  bile  derivates  in  the 
blood,  which  could  be  partially  or  entirely  eliminated  by  the  sodium  ethylate. 

To  verify  this  deduction  a  series  of  investigations  was  begun  on  Sept.  9, 
1916,  in  order  to  determine:  (1)  whether  any  substance  or  group  of  substances 
belonging  to  the  bile  derivates  was  capable  of  giving  the  Liebermann  reaction  in 
the  definite  absence  of  cholesterol,  and  (2)  whether  these  bodies  could  be 
eliminated  by  the  action  of  the  sodium  ethylate.  Lifschiitz"-  ^  states  that  bile  acids 
do  not  give  the  Liebermann  reaction,  but  it  seemed  possible  that  the  combination 

*I  find  that  my  average  normal  cholestprol  values  are  slightly  higher  than  those  of  Bloor  and 
Rothschild,  ranging  from  0.250  to  0.270  mg.  This  difference  may  be  due  partly  to  the  personal  equation 
inevitable^  in  colorimetric  determinations  (personal  color  vision)  and  partly  to  the  technic  eniplo.ed,  which 
tvill  be  discussed  further  on. 
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»f  bile  acids  and  bile  pigments,  a  combination  often  found  in  icteric  blood,  might 
Lccelerate  the  process  of  oxidation,  and  the  whole  of  Lifschiitz'  work  suggests 
hat  oxidation  plays  animportant  part  in  Liebermann's  cholesterol  test. 

The  residue  of  gall  stones  from  which  the  cholesterol  had  been  thoroughly 

ixtracted  (eleven  successive  extractions  with  boiling  alcohol  on  the  water-bath) 

eemed  likely  to  contain  the  desired  combination  of  bile  acids  and  bile  pigments 

ind  was  therefore  chosen  as  a  starting  point  for  these  experiments.     It  consisted 

)f   a   fine   brown   powder   which    dissolved    fairly    readily   in   pure    chloroform, 

stained    the    chloroform    deep    canary    yellow    but    also    contained    chloroform- 

nsoluble  elements  that  settled  at  the  bottom  of  the  flask  in  the  form  of  a  black, 

lust-like  sediment.     The  latter  was  filtered  off  and  dried  on  the  filter  paper  at 

oom  temperature.     Whereas  the  yellow  chloroform  solution  might  still  contain 

xaces  of  cholesterol,  the  black,  chloroform-insoluble  sediment  could  hardly  be 

expected  to  contain  any.     However,  since  it  was  of  paramount  importance  to 

eliminate  every  trace  of   cholesterol,  the   following  procedure  was   adopted  to 

'make  assurance  doubly  sure :"     Part  of  the  black  sediment  was  dissolved  in 

immonia  water,  filtered,  and  shaken  out  with  pure  chloroform  in  a  separatory 

funnel.      The    chloroform    was    tested    for    cholesterol   and   remained    colorless. 

Nevertheless,  the  operation  was  repeated  three  times  as  a  measure  of  precaution. 

This  may  have  been  superfluous,  but  it  will  be  remembered  that  the  experiments 

were  being  made  with  a  mixture  of  chemical  compounds  of  unknown  composition, 

present  in  unknown  proportions,  so  that  the  established  characteristics  of  any  one 

single  bile  derivate  could  not  be  of  any  practical  assistance  in  these  experiments. 

Moreover  the  quantity  of  material  at  hand  was  very  small ;  the  entire  yield  of 

Dlack  sediment  consisted  of  only  150  mg.     Consequently  every  operation  had  to 

be  a  matter  of  "trying  out  things,"  with  as  little  loss  of  material  as  possible. 

While  the  elimination  of  every  trace  of  cholesterol  remained  the  primary  object, 

quantitative  work  was  out  of  the  question;  hence  the  smallest  possible  amount  of 

black  sediment  (as  much  as  could  be  held  on  the  point  of  a  small  scalpel)  had 

been  dissolved  in  the  ammonia  water. 

After  the  third  chloroform  extraction  the  aqueous  ammonia  solution  was 
acidified  with  hydrochloric  acid,  drop  by  drop  (controlled  with  litmus  paper) 
and  this  aqueous  acid  solution  shaken  out  with  fresh  chloroform.  The  chloro- 
form again  assumed  a  vivid  yellow  tone  and  upon  addition  of  the  usual  reagents 
(2  c.c.  of  acetic  anhydrid,  0.1  c.c.  of  concentrated  sulphuric  acid  to  6  c.c.  of  the 
chloroform  solution)  a  Liebermann  reaction  of  great  color-intensity  was  obtained, 
such  as  is  found  only  in  "strong"  cholesterol  solutions  (  1  mg.  in  1  c.c.  of 
chloroform). 

Bloor*  (page  228)  has  called  attention  to  the  fact  thai  it  is  diflicull  to  extract 
traces  of  cholesterol  from  "strongly  alkaline  solution."  It  slimild  here  be  stated 
that  whereas  the  ammf)nia  water  used  in  this  experiment  was  comparatively 
weak,  lower  concentrations  gave  less  brilliant  color  reactions  in  the  chloroform 
extract.  This  might  be  easily  explainc<l  b\-  the  fact  that  the  l)I.K-k  scdinu'nt  had 
not  completely  dissolved.  On  the  other  hand,  the  relative  alkalinity  of  the  solvent 
appeared  to  i)la}-  an  important  ])art  in  the  intensity  of  the  color  reaction,  for  even 
weak  aqueous  solutions  of  potassium  or  sodium  hydroxide  seemed  to  reduce  the 
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color  reaction  of  these  bile  derivates  in  some  unexplained  way.  Their  chloroform 
extract  remained  colorless  if  it  had  been  in  contact  with  the  alkalin  solution  for 
twelve  hours,  and  gave  no  Liebermann  reaction.  Strong  concentrations  of  am- 
monia water,  however,  only  lessened  the  intensity  of  the  reaction,  and  did  not 
destroy  it. 

While  these  observations  apparently  confirmed  the  supposition  that  chloro- 
form-soluble derivates  were  unstable  in  the  presence  of  alkali,  they  did  not  prove 
conclusively  that  sodium  ethylate  was  responsible  for  their  destruction  in  the 
Bloor  I  test,  since  in  the  latter  the  solubility  of  these  bodies  in  ether-alcohol  and, 
possibly,  the  effect  of  the  heat  during  evaporation  would  have  to  be  taken  into 
account  even  if  the  presence  of  bile  derivates  in  the  blood  of  icteric  patients 
could  reasonably  be  expected.    Bile  pigment  has  been  demonstrated  by  Sahli. 

The  small  amount  of  black  sediment  on  hand,  its  unknown  composition  and 
the  possibility  that  different  portions  of  it  might  contain  different  mixtures  of  bile 
derivates  (which  might  in  turn  account  for  the  varying  results  obtained  with  the 
different  alkaline  media)  greatly  complicated  matters. 

Finally,  after  many  groping  experiments,  it  was  ascertained  that  ammonia 
water  of  a  certain  concentration  (2  per  cent)  yielded  the  best  results.  Further 
trials  with  potassium  and  sodium  had  been  given  up  on  account  of  the  loss  of 
material  they  involved.  The  remaining  100  mg.  of  black  sediment  were  dis- 
solved in  100  c.c.  of  ammonia  water  of  the  above  concentration,  filtered,  acidified 
with  hydrochloric  acid,  and  extracted  repeatedly  with  pure  chloroform  until  the 
latter  became  colorless  and  no  longer  gave  a  Liebermann  reaction.  The  intensity 
of  the  reaction  had  been  found  to  be  proportional  to  the  depth  of  yellow  tone 
seen  in  the  chloroform  extract.  The  first  extract  was  deep  orange;  the  last  had  a 
faint  yellow  tinge.  All  the  chloroform  extractions  were  then  mixed;  the  total 
amount  of  golden  yellow  chloroform  thus  obtained  amounted  to  450  c.c.  The 
combined  extracts  were  brought  up  to  500  c.c,  giving  a  bile  derivate  solution 
that  contained  0.2  mg.  in  1  c.c.  of  chloroform.*  This  solution  (which  for  con- 
venience had  been  termed  "Pigment  28  solution")  gave  a  brilliant  color  reaction, 
changing  slowly  from  vivid  pink  to  violet-blue  and  then  to  dark  green.  Six 
cubic  centimeter  tests  were  made  with  acetic  anhydride  and  concentrated  sul- 
phuric acid  in  the  usual  proportions.  The  green  stage  of  the  reaction  seemed  to 
equal  cholesterol  reactions  in  depth  of  color,  but  differed  slightly  in  tone.  Whereas 
the  shade  of  green  seen  in  cholesterol  solutions  containing  from  0.4  mg.  to  10  mg. 
cholesterol  per  6  c.c.  of  chloroform  may  be  briefly  defined  as  "emerald"  green, 
all  the  writer's  bile  derivate  solutions,  the  Pigment  28  solution  included,  were 
found  to  assume  a  slightly  more  yellow  tone  that  might  be  compared  to  the  color 
of  an  vmripe  olive.  This  olive  green  has  also  been  observed  by  Luden  in  the 
cholesterol  tests  of  pathologic  blood  samples  and  is  probably  identical  with  the 
slight  brownish  color  commented  on  by  Mueller,**  Bloor,*  Autenrieth,  and  others. 

*The  solution  was  made  to  obtain  some  idea  of  the  relative  color  intensity  of  the  Liebermann  reac- 
tion which  it  gave.  No  quantitative  accuracy  could  be  aimed  at  since  it  would  have  been  complicated  by 
too  many  factors;  i.  e.,  the  presence  in  the  black  sediment  of  a  great  number  of  chemical  substances  that 
might  be  precipitated  in  various  degrees  after  acidification  of  the  alkaline  solution,  and  solulile  to  an  enually 
varying  extent  in  the  chloroform.  Consequently  the  solution  may  have  contained  slightly  less  than  0.2  mg. 
per  cubic  centimeter. 

**I  am  unalile  to  agree  with  Mueller  when  he  says  that  this  "slight  brownish  color  is  invariably 
present  in  the  chloroform  solution  of  extracts  prepared  by  Bloor's  method."  On  the  contrary,  in  as  many 
as  one-third  of  my  determinations  made  by  Bloor's  method  II,  the  chloroform  solution  was  practically 
colorless  and  gave  a  brilliant  emerald  green  reaction  that  could  be  matched  quite  easily  with  the  standard 
solution.     Tests  made  with   Bloor's   I  method  always   gave  a   perfect  match. 
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The  color  reaction  described  above  must  undoubtedly  be  considered  a  true 
[yiebermann  reaction,  since  it  is  produced  by  identical  proportions  of  the  same 
reagents  commonly  used  in  cholesterol  determinations  and  since  the  order  of 
the  color  sequence  is  identical  with  that  described  by  Windaus'"  for  cholesterol 
reactions. 

Nevertheless,  certain  characteristic  features  exhibited  by  tests  made  with  the 
chloroform  solutions  of  the  bile  derivates  used  in  the  writer's  experiments,  which 
distinguish  their  Liebermann  reaction  from  that  of  pure  cholesterol,  would  seem 
to  make  some  special  designation  desirable.  These  features  are:  (1)  The 
more  olive  green  tone  referred  to  above;  (2)  the  brilliancy  with  which  the  pink. 
and  the  blue  stage  of  the  reaction  can  be  seen,  even  in  weak  solutions;  (3)  the 
length  of  time  during  which  the  last  (green)  stage  of  the  reaction  persists  un- 
changed. Since  these  characteristic  peculiarites  are  not  found  in  Liebermann 
tests  made  with  pure  cholesterol-chloroform  solutions,  the  term  "bile-green  re- 
action" in  the  Liebermann  test  is  tentatively  suggested ;  it  will  be  used  in  this 
paper  for  the  sake  of  brevity  when  the  pink  and  blue  stages  of  the  reaction  and 
its  color  persistency  are  discussed,  and  solutions  containing  the  unidentified  bile 
derivates  which  give  this  reaction  will  be  referred  to  as  "Pigment  solutions." 
The  presence  of  biliverdin  is  uncertain  in  the  black  sediment  from  which  the 
(chloroform  solutions  had  been  made.  Though  biliverdin  can  be  precipitated 
from  alkaline  solutions  by  hydrochloric  acid,  it  is  but  little  soluble  in  chloroform ; 
consequently  it  can  have  been  present  only  in  traces  in  the  chloroform  solutions 
with  which  the  writer  made  these  tests.  Bilirubin,^''  urobilin,^''  and  cholic 
acid,-^  on  the  other  hand,  are  alike  soluble  in  aqueous  alkaline  solutions,  precipi- 
tated by  acidifying  and  readily  soluble  in  chloroform.  Since  bilirubin,  urobilin 
and  cholic  acid  are  found  in  gall  stones,  they  were  probably  present  in  effective 
quantities  in  the  Pigment  28  solution. 

The  following  tests  were  made  to  illustrate  the  difference*  between  the  bile- 
green  reaction  and  the  reaction  of  pure  cholesterol  in  the  Liebermann  test. 

EXPERIMENTAL 

(Tests  showing  that  the  pink  and  the  blue  stage  of  the  Liebermann  reaction 
can  be  seen  in  weak  pigment  solutions,  but  can  not  be  observed  in  cholesterol 
solutions  of  a  400  times  higher  concentration.) 

Windaus-*'  states  that  the  Liebermann  reaction  for  cholesterol  is  characterized 
by  a  striking  sequence  of  colors — vivid  i)ink  ("rosarot")  blue,  dark  green — 
which  may  be  observed  as  soon  as  the  Lieberniami  reagents  have  been  added  to 
the  test. 

The  writer  was  unable  to  find  an\"  trace  of  [hv  ]iink  and  bhie  stages  of  the 
reaction  in  the  cholesterol  solutions  commonly  used  for  bloocbcholesterol  determi- 
nations; namely,  solutions  containing   from  0.4  to  0.3  nig.   cholesterol  in  6  c.c. 


*Althougti  this  flifference  liad  been  oljservori  from  tlic  licRinnitiK  and  occurred  in  every  solution  made 
with  chloroform  extract  of  the  black  gall  stone  residue,  these  earlier  tests  (though  their  number  includes 
several  hundred  observations)  were  not  considered  conclusive  since  the  concentration  of  the  solutions 
was  unknown  owing  to  the  technical  difficulties  already  described,  and  cnuld  not.  therefore,  be  justly  com- 
pared with  the  reaction  in  cholesterol  tests  of  a  known  concentration.  In  every  instance,  however,  these 
earlier  oliservations  were  conl'irmed  by  tests  made  with  the  unifonii  solution  nf  bile  derivates  (contain- 
ing approximately  0.2  mgj.  per  1  c.c.  of  chloroform)  that  has  been  described  in  detail  under  the  name  of 
"Pigment  28  solution." 
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of  chloroform.    In  these  the  cholesterol  appears  to  be  oxidized  almost  immediately 
to  the  green  stage  of  the  reaction. 

It  seemed  interesting,  therefore,  to  ascertain  how  great  the  concentration  of 
the  cholesterol-chloroform  solution  would  have  to  be — when  the  usual  propor- 
tions were  maintained — in  order  to  show  the  sequence  of  colors  described  by 
Windaus. 

Table  I 
Color  Reactions  in  Cholesterol  Solutions* 

Test  1.  6  c.c.  of  the  stock  solution;  namely,  6  mg.  of  cholesterol  in   6  c.c.   of  chlorofonii: 
usual  reagents  added. 

Reaction:  The  colorless  solution  becomes  dark  green  in  a  few  seconds;  no  trace  of 
the  pink  or  the  blue  stage. 
Test  2.  10  mg.  of  cholesterol  in  6  c.c.  of  chloroform:  usual  reagents  added. 

Reaction:  Identical  with  Test  1,  except  that  the  green  color  appears  almost  black. 
Test  3.  15  mg.  of  cholesterol  in  6  c.c.  of  chloroform:  usual  reagents  added. 

Reception:  The  blue  stage  appears  for  a  few  seconds  only  and  is  blotted  out  by  the 
density  of  the  green  stage.     The   solution  appears  black;   its   green   tone 
can  be  recognized  only  in  a  very  strong  light. 
Test  4.  200  mg.  of  cholesterol  dissolved  in  6  c.c.  of  chloroform:  usual  reagents. 

Reaction:  As  the  sulphuric  acid  is  added  its  progress  towards  the  bottom  of  the 
test  tube  is  shown  by  a  streak  of  purple-violet,  but  the  next  second  the 
whole  of  the  solution  has  turned  black-green.  Ij;s  green  color  can  be 
recognized  only  near  the  top  edge  by  shaking  the  test  tube. 

Although  the  cholesterol  concentration  in  these  four  tests  exceeded  that  of 
the  blood  cholesterol  from  10  to  400  times,!  no  trace  of  the  pink  stage  of  the 
lyiebermann  reaction  could  be  seen  in  any  of  them.  Nor  could  this  stage  be  ob- 
served when  one-half  or  one-quarter  of  the  usual  amount  of  the  reagents  had  been 
used  for  a  test.  In  either  case  the  solution  changed  from  colorless  to  green, 
though  the  intensity  of  the  green  color  increased  as  time  went  on. 

The  results  obtained  with  various  dilutions  of  the  pigment  solutions  showed  a 
striking  contrast  to  these  cholesterol  tests.  The  color  sequence  described  by 
Windaus  could  be  observed  in  solutions  containing  as  little  as  0.020  mg.  bile  green 
in  6  c.c.  of  chloroform. 

To  obtain  a  definite  idea  of  the  color  value  of  these  tests  (previous  observa- 
tions had  already  suggested  that  their  olive  green  tone  made  them  appear  darker 
than  they  really  were)  colorimetric  determinations  were  made  by  the  same 
method  used  in  the  blood  cholesterol  tests ;  namely,  with  the  Duboscq  colorimeter 
set  at  10  mm.  and  a  standard  cholesterol  test  containing  0.4  mg.  to  every  6  c.c.  of 
chloroform.  An  unexpected  difficulty  presented  itself,  however,  due  to  the  slow 
reaction  of  the  pigment  solutions,  which  had  also  been  observed,  but  not  fully 
realized.     When  parallel  tests  were  made,  such  as  are  used  in  blood  cholesterol 


*The  standard  cholesterol  solution  used  in  all  of  the  writer's  blood-cholesterol  determinations  con- 
tains 0.4  mg.  of  cholesterol  in  6  c.c.  of  chloroform.  It  is  made  up  from  a  stock  solution  containing  200 
mg.  of  cholesterol  (Merck)   in  200  c.c.   of  chloroform.. 

Hoth  standard  and  stock  solutions  are  sealed  with  paraflSne  and  kept  in  a  refrigerator  when  not  in  use, 
in  order  to  prevent  any  evaporation  of  the  chloroform;  the  latter  would  increase  their  concentration,  thereby 
aflecting  the  accuracy  of  the  tests. 

Standardized  graduated  pipettes  are  used  in  all  the  tests  in  preference  to  graduated  cylinders,  since 
the   latter    often    vary    slightly    and    would   give    less   accurate    results    in    consequence. 

tThe  highest  cholesterol  value  found  in  a  sample  of  pathologic  blood  was  0.720  mg.  (Autenrieth 
method)   but  values  of  0.450   (Bloor  I)    and   0.555   (Bloor  II)    have  been  seen   repeatedly. 
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:terminations,  the  cholesterol  standard  had  begun  to  fade  by  the  time  the  bile 
een  reached  its  maximum  color  value. 

A  series  of  tests  showed  that  the  standard  cholesterol  test  (0.4  mg.  in  6  c.c. 
■  chloroform)  reached  its  maximum  in  five  to  six  minutes,  maintained  it  for 
)proximately  thirty  minutes  at  room  temperature  from  20°  to  22",  had  lost  one- 
ird  of  its  original  maximum  color  value  in  eighty  minutes  and  had  become 
tlorless,  that  is,  pale  yellow,  in  six  to  seven  hours.  Pigment  solutions  of  equal 
rength  (0.4  mg.  per  6  c.c.  chloroform)  on  the  contrary  had  not  yet  reached 
leir  maximum  in  one  hundred  and  ninety  minutes,  and  their  color  value  remained 
ichanged  for  twenty-four  hours,  at  least,  under  the  same  conditions. 

Although  blood  cholesterol  determinations  are  not  complicated  to  the  same 
ctent  by  a  different  rate  of  reaction  in  the  standard  and  the  blood  sample,  if  the 
sts  are  made  at  room  temperature,  (20°  to  25°  C),  and  the  standard  test  con- 
.ins  little  more  cholesterol  than  the  blood  specimen  is  likely  to  contain,  the  rapid 
action  which  occurs  in  some  specimens  of  pathologic  blood  at  a  temperature 
I  35°  to  Z7°  would  make  it  seem  inadvisable  to  leave  blood  cholesterol  tests  at 
lis  relatively  much  higher  temperature  for  a  period  of  fifteen  minutes'  according 
)  the  old  method  described  by  Autenrieth  and  Bloor.  I  have  called  attention 
)  these  facts  and  my  recent  findings  appear  to  corroborate  my  observations. ^- 
The  period  of  time  during  which  the  standard  cholesterol  test  gave  a  con- 
:ant  value  at  room  temperature  having  been  determined,  a  series  of  experiments 
'•as  made  with  pigment  solutions.  A  record  was  kept  of  the  exact  time  at  which 
le  reagents  were  added  to  every  test,  in  order  to  guard  against  even  the  slightest 
ading  of  the  standard  and  to  determine  the  length  of  the  duration  of  the  pink, 
lue,  and  green  stages  of  the  reaction  in  the  pigment  solutions.  The  results  will 
e  found  in  Table  II. 

In  every  instance  the  initial  pink  stage  of  the  bile  green  reaction  was  clearly 
isible ;  the  color  value  of  the  green  stage  was  little  over  one-half  of  the  cholesterol 
reen  in  solutions  of  equal  strength.  Nonetheless,  this  green  color  was  found  to 
lersist  from  three  to  four  times  as  long  as  it  did  in  the  pure  cholesterol  solution. 
That,  owing  to  this  slowness  of  the  bile  green  reaction,  this  pink  color  is 
herefore  bound  to  appear  in  blood  cholesterol  tests  simultaneously  with  the  green 
f  the  true  cholesterol  whenever  any  ether-alcohol  and  chloroform-soluble  bile 
Iprivates  are  present  in  the  blood,  may  be  deduced  from  the  above.  That 
he  combination  of  the  pink  and  green  tones  would  account  for  the  much-discussed 
)rownish  color  will  be  readily  granted. 

Although  the  experiments  described  above  seemed  to  furnish  conclusive  evi- 
lence  that  a  true  Liebcrmann  reaction  can  be  obtained  in  the  chloroform  solu- 
ions  of  some  bile  derivates  in  the  definite  absence  of  cholesterol,  several  im- 
)ortant  points  remained  to  be  proved ;  namely,  the  elimination  of  these  bile 
ierivates  by  sodium  ethylate  under  conditions  i)arallel  to  those  found  in  the 
loor  I  method,  and  the  close  relation  or  identical  characteristics  of  thr  bile 
Ierivates  obtained  from  cholesterol- free  gall  stone  residue  and  those  present  in 
he  blood  of  icteric  patients. 

The  effect  of  the  relative  alkalinity  of  the  a([ueous  solutions  used  as  solvents 
:or  the  gall  stone  residue  liad  already  suggested  tlie  instability  of  tliese  bodies  in 
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Table  II 
Color  Reactions  in  Pigment  Solutions 

2  c.c.  acetic  anhydrid  and  0.1  concentrated  sulphuric  acid  added  to  each  test, 
room  temperature  20°  to  21°  c. 

Test  1.   1.2  iiig.  in  6  c.c.  of  chloroform.      (Pigment  28  solution  undiluted)      (3  tests) 

Reaction:  The  test  solution  turns  bright  reddish  pink  immediately.     The  pink  color  lasts 
for  20  minutes.    The  test  tube  is  plunged  in  very  hot  water  for  a  few  seconds. 
The  blue  stage  of  the  reaction  appears,  but  has  a  dirty  violet-blue  tone.     It  is 
followed  in  3  to  4  min    by  the  green  stage,  intense  olive  green,  which  seems 
to  be  as  dark  as,  if  not  darker  than,  cholesterol  green  of  equal  strength  in  the 
test  tube. 
Color  value:  After  30  min.  equal  to  0.500  mg.  cholesterol.      (Standard  cholesterol  test* 
0.400  mg.). 
After     6  hours  equal  to  0.666  mg.  cholesterol. 
After  24  hours  equal  to  0.666  mg.  cholesterol. 
After  48  hours  equal  to  0.666  mg.  cholesterol. 
After  72  hours  faded  to  a  dirty  brown. 
Test  2.  0.400  mg.  in  6  c.c.  of  chloroform.     (5  tests.) 

ReccAon:  The  test  solution  turns  bright,  vivid  pink  immediately.     The  pink  color  lasts 

for  5  to  7  min.     Dirty  violet  tone  for  3  to  4  min.     Olive  green. 
Color  value:  After  20  min.   equal  to  0.180  mg.  cholesterol.      (Standard   cholesterol  test 
0.400  mg.) 
After  60  min.  equal  to  0.200  mg.  cholesterol. 
After    3  hours  equal  to  0.200  mg.  cholesterol. 
After  24  hours  equal  to  0.222  mg.  cholesterol. 

After  48  hours  faded  to  a  dirty  brown.     (Standard  cholesterol  test  fades 
to  dirty  yellow  in  6  hours.*) 
Test  3.  0.120  mg.  in  6  c.c.  of  chloroform.     (3  tests.) 

Reaction:  Vivid  pink  for  5  min.     Intermediate  stage  hard  to  define.     Green  in   10  min. 
Color  value:  After  30  min.  equal   to  0.060  mg.  cholesterol.      (Standard   cholesterol  test 
0.400  mg.) 
After  3  hours  equal  to  0.056  mg.  cholesterol. 
After  24  hours  faded  to  a  dirty  yellow. 
Test  4.  0.080  mg.  in  6  c.c.  of  chloroform.     (3  tests.)      (Standard  cholesterol  test  0.400  mg.) 
Reaction:  Clear  pale  pink  for  3  minutes.     Intermediate  color  can  not  be  recognized. 

Clear  but  light  green  in  6  to  8  minutes. 
Color  value:  After  30  min.  equal  to  0.050  mg.  cholesterol. 
After  3  hours  equal  to  0.040  mg.  cholesterol. 
After  24  hours  faded  to  pale,  dirty  yellow. 
Test  5.  0.040  mg.  in  6  c.c.  of  chloroform.     (3  tests.)      (Standard  cholesterol  test  0.400  mg.) 
Reaction:  Clear  pale  pink;  then  pale  green  which  lasts  for  about  3  hours. 
Color  value:  Can  not  be  determined  as  test  looks  gray  in  colorimeter  when  compared 
with  the  emerald  green  standard,  although  its  color  is  clear  pale  green  in 
the  test  tube. 
Test  6.  0.020  mg.  in  6  c.c.  of  chloroform.     (3  tests.)      (Standard  cholestc-ol  test  0.400  mg.) 
Reaction:  Faint,  but  distinct  pink;  then  very  pale  green  lasting  about  1  hour. 
Color  value:  Can  not  be  determined  for  the  same  reasons  as  in  Test  5.     The  green  color 
is  also  clearly  visible  in  the  test  tube. 

the  presence  of  strong  alkalies,  but  the  effect  of  heat  during  the  process  of  evapo- 
ration no  less  than  their  relative  solubility  in  ether-alcohol  would  have  to  be  taken 
into  account  before  definite  conclusions  could  be  reached. 

In  order  to  study  the  behavior  of  the  bile  derivates  contained  in  the  Pigment 
28  solution  under  conditions  identical  with  those  present  in  the  Bloor  I  method, 
the  following  tests  were  made : 


*A  newly  made  "ripe"  standard  was  used  for  every  determination,  and  for  every  test   the  colorimeter 
(Duboscq)   was  set  at   10.0  mm. 


A 


!  STUDIES    ON    CHOLESTEROL  101 

Thirty  cubic  centimeters  of  the  Pigment  28  solution  were  measured  into 
a  beaker  and  the  chloroform  removed  by  evaporation  on  the  water-bath  in  order 
to  avoid  excessive  heat  at  any  one  point  in  the  solution.  The  orange-colored  resi- 
due was  extracted  with  7S  c.c.  of  Bloor's  ether-alcohol  mixture,  brought  to  the 
boiling  point  on  the  water-bath,  rapidly  cooled  under  the  tap  to  room  tempera- 
ture, filtered  and  made  up  to  100  c.c.  with  ether-alcohol.  To  one  20-c.c.  portion 
of  the  ether-alcohol  extract,  sodium  ethylate  was  added  in  the  proportion  recom- 
mended by  Bloor  (Bloor  I),  and  the  ether-alcohol  evaporated,  overheating  being 
carefully  avoided.  Another  20-c.c.  portion  was  merely  evaporated,  no  sodium 
ethylate  being  added  (Bloor  II).  The  dry  residue  of  both  portions  was  ex- 
tracted repeatedly  with  small  quantities  of  pure  chloroform,  and  the  chloroform 
extracts  made  up  to  12  c.c,  respectively. 

The  Bloor  I  chloroform  extract  was  colorless  and  remained  colorless  after 
the  usual  reagents  (2  c.c.  of  acetic  anhydrid,  0.1  c.c.  concentrated  sulphuric  acid) 
had  been  added  to  a  6  c.c.  portion  of  it,  even  when  the  test  was  warmed. 

The  Bloor  II  chloroform  extract  was  golden  yellow,  and  upon  addition  of 
the  usual  reagents,  gave  the  brilliant  variation  of  the  Liebermann  reaction  already 
described. 

The  experiment  was  repeated  four  times  with  separate  portions  of  the  Pig- 
ment 28  solution  and  identical  results  were  obtained  in  every  test;  i.  e.,  the  Bloor 
I  tests  remained  colorless,  while  the  Bloor  II  tests  gave  a  vivid  color  reaction. 

The  fact  that  no  color  reaction  could  be  obtained  in  the  Bloor  I  samples  sug- 
gested that  a  chloroform-insoluble  sodium  salt  of  the  bile  derivates  might  be 
formed  by  the  use  of  the  sodium  ethylate  and  that  the  potassium  salts  of  these 
substances  might  be  more  readily  soluble  in  chloroform,  especially  in  the  presence 
of  water,  which  would  explain  the  brownish  color  in  some  of  the  Autenrieth  tests 
and  the  results  obtained  by  Mueller.* 

An  opaque  yellowish-white  residue  had  been  observed  in  the  beakers  of  the 
Bloor  I  samples  after  the  chloroform  extraction.  This  residue  was  found  to  give 
the  usual  bile  green  reaction  when  dissolved  in  acid  chloroform,  but  no  color  reac- 
tion could  be  obtained  when  the  residue  was  extracted  in  the  manner  described  for 
the  pigment  solutions  although  the  residue  itself  dissolved  readily  in  ammonia 
water.  Many  similar  peculiarities  that  can  not  yet  be  accounted  for  nor  discussed 
in  detail  at  present  have  been  observed  in  the  writer's  pigment  solutions. 

The  destruction  of  the  color  reaction  in  Pigment  28  solution  by  the  Blotir  I 
method  had,  however,  been  proved,  and  colorimetric  determinations  were  made 
to  discover  whether  any  loss  occurred  during  the  process  of  evaporation  or  sub- 
sequent filtration.  This  appeared  to  be  the  case  as  the  Bloor  II  sample  had  lost 
approximately  one-third  of  its  original  color  value,  and  this  may  have  been 
caused  by  further  oxidation  of  some  of  the  bile  dcr-ivatt's.  l^ince  30  c.c.  of  Pig- 
ment 28  solution  containing  30  times  0.2  mg.,  or  0  mg.,  of  bile  derivates  had  been 
used,  one  chloroform  test  made  with  10  c.c.  of  the  ether-alcohol' extract  should 
have  contained  0.6  mg.  of  bile  derivates  and  should  have  given  a  higher  color 
value  than  a  test  of  a  chloroform  solution  containing  only  0.4  mg.  of  the  bile 
derivates.     The  former  test  gave,  however,  a  slightly   lower  reading  than   the 


"Mueller  used  potassium  hydroxitle  25  per  cent   in  ai|iieous  solution  and  0.5  N.  alcoholic   potasli. 
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latter;  in  other  words,  whereas  a  test  containing  0.4  mg.  of  the  bile  derivates  had 
a  color  value  equal  to  0.222  mg.  cholesterol,  the  test  containing  0.6  mg.  had  a  color 
value  equivalent  only  to  0.200  mg.  cholesterol. 

Control  tests  made  wdth  solutions  of  pure  cholesterol  that  had  been  treated  in 
precisely  the  same  manner  described  for  the  Pigment  28  solution  by  the  Bloor  I 
and  Bloor  II  methods,  gave  color  reactions  of  identical  strength,  a  very  slight  loss 
of  color  value  being,  however,  observed  in  both  tests.  Cholesterol  Bloor  I  and 
Bloor  II  both  registered  0.572  mg.  when  the  original  amount  of  cholesterol  con- 
tained in  the  test  had  been  0.600  mg.,  and  both  tests  registered  0.233  mg.  when 
0.240  mg.  had  been  used  originally.  Tested  against  each  other  in  the  Duboscq 
colorimeter  both  tests  gave  identical  values,  whether  the  instrument  was  set  at 
10,  20,  30  or  40  mm.    The  slight  loss  referred  to  above  may  be  technical. 

That  the  sodium  ethylate,  and  not  the  solubility  of  these  bile  derivates  in 
ether-alcohol,  was  responsible  for  the  destruction  of  the  color  reaction  in  the 
Bloor  I  test  was  shown  by  the  following :  They  dissolved  equally  readily  in 
ether,  in  alcohol,  in  Bloor's  ether-alcohol  mixture,  and  also  in  petroleum  ether.^ 
If  a  few  drops  of  sodium  ethylate,  however,  were  added  either  to  a  chloroform  or 
to  an  ether-alcohol  solution,  the  yellow  color  of  the  solvent  became  much  lighter. 
But  whereas  the  chloroform  solution  remained  cloudy  and  a  layer  of  yellow  and 
brown  precipitate  could  be  seen  at  the  bottom  of  the  test  tube,  the  ether-alcohol 
solution  remained  clear  and  contained  but  little  of  the  bright  yellow  sediment 
(formation  of  a  sodium  salt  of  one  or  more  of  the  bile  derivates?).  It  was  further 
interesting  that  after  evaporation  of  the  ether-alcohol  mixture  the  residue  of  the 
Bloor  I  (sodium)  sample  w^as  opaque  and  yellowish-white,  whereas  the  Bloor  II 
Avas  a  transparent  yellow.  The  same  observation  had  been  made  in  the  dry 
residue  of  blood  samples  treated  by  both  methods,  with  the  exception  that  in 
blood  extracts  the  Bloor  II  sample  had  a  much  fainter  yellow  color. 

The  destruction  of  the  color  reaction  of  the  cholesterol-free  gall  stone  resi- 
due by  sodium  ethylate  having  been  established,  the  following  questions  remained 
to  be  answered :  ( 1 )  Could  the  bile  salts  and  bile  pigments,  whose  presence 
might  be  reasonably  assumed  in  the  blood  of  icteric  patients  and  has  moreover 
been  demonstrated  by  the  work  of  Hoover  and  Blankenhorn  be  identical  with 
those  contained  in  the  gall  stone  residue  and  their  color  reaction  be  similarly 
destroyed  in  the  Bloor  I  Tests?  (2)  Could  any  means  be  found  by  which  these 
bodies  could  be  either  identified  with  or  differentiated  from  the  oxycholesterol 
referred  to  by  Mueller?  My  method  of  extraction  (which  is  similar  to  that  used 
for  the  recovery  of  bilirubin  and  cholic  acid)  suggested  that  the  bodies  contained 
in  the  Pigment  28  solution  were  not,  in  all  probability,  oxycholesterol,  since  the 
latter  appears  to  be  recovered  together  with  cholesterol,  and  according  to  Mat- 
thews* even  Merck's  "pure"  cholesterol  contains  from  2  to  2.5  per  cent  of 
oxycholesterol.  On  the  other  hand,  the  presence  of  bilirubin  and  cholic  acid,  the 
latter  dissociated  from  taurocholic  acid  by  the  acid  or  the  alkalin  solvents  (Mat- 
thews,^^  pages  81-86)  might  be  expected. 

The  method  described  by  Lifschiitz^"  to  differentiate  oxycholesterol  from  oxi- 

*L  nhss  ;he  auto  oxidation  rf  choVsterol  described  by  Scbuize  and  Winterstein'"  alone  should  account 
for   the   presence   of  oxycholesterol   in   the   Merck   product. 
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dized  cholic  acid  proved  of  the  greatest  value  in  answering  both  questions  and 
also  furnished  a  number  of  interesting  observations  that  will  be  reported  else- 
where, as  they  do  not  come  within  the  scope  of  this  paper. 

Lifschiitz  states^°  that  when  either  pure  cholesterol,  or  pure  cholic  acid,  or 
rdinary  bile  (he  used  the  bile  of  oxen  in  his  experiments)  has  been  dissolved  in 
gflacial  acetic  acid  and  oxidized  by  means  of  a  few  particles  of  benzoyl  peroxide, 
(the  solutions  being  warmed  gently  to  dissolve  the  peroxide,  brought  to  the  boiling 
point  a  couple  of  times  and  then  rapidly  cooled)  either  substance  will  give  the 
same  brilliant  color  reaction,  changing  from  bkie  violet  to  deep  green  on  the  addi- 
tion of  8  drops  of  sulphuric  acid  and  1  drop  of  ferri  perchloride  (Lifschiitz' 
oxycholesterol  reaction). 

If,  however,  an  equal  volume  of  chloroform  is  added  to  the  test  after  the 
reaction  is  completed  and  the  mixture  allowed  to  separate  in  a  separatory  funnel, 
the  green  color  passes  in  its  entirety  into  the  upper  layer  when  oxidized  choles- 
terol has  been  used,  the  bottom  layer  appearing  pale  yellow  or  brownish,  whereas 
in  tests  containing  only  oxidized  cholic  acid  the  upper  layer  is  practically  color- 
less and  the  bottom  (chloroform)  layer  contains  all  the  green  color.  (This  test 
will  be  referred  to  as  Lifschiitz'  "differential  test.")     If  bile  has  been  used  for  the 

J  reaction,  both  layers  will  be  colored  in  direct  proportion  to  the  amount  of  either 
substance  present  in  each  layer,  and  the  quantity  can  then  be  determined  only  by 
,  means  of  the  spectroscope.     According  to  Lifschiitz,   the  green  phase  of  the 
-oxycholesterol  is  characterized  by  one  single  dark  band  at  the  red  end  of  the 
>]iectrum,  while  spectroscopic  examination  of  an  oxidized   cholic  acid   solution 
j  reveals  four  bands,  a  faint  narrow  band  in  the  yellow,  two  broader  and  darker 
j bands  in  the  green  (between  the  D  and  G  lines)  and  practically  total  absorption 
)  of  the  violet.* 

In  the  absence  of  facilities  for  spectroscopic  analysis,  however,  the  diflfer- 
lential  test  itself  is  sufficiently  characteristic,  according  to  Lifschiitz'^  (page  394) 
[to  exclude  all  doubt  concerning  the  identity  of  the  bodies  in  question. 

A  series  of  dififerential  tests  was  made  by  the  Lifschiitz  method  with  the 
writer's  Pigment  28  solution,  pure  cholesterol,  and  the  extract  of  the  blood  of  the 
highly  icteric  patient  mentioned  at  the  beginning  of  this  paper. 

For  the   purpose   of  making  these  tests   it   had  been   necessary   to   isolate 

the  bodies  that  were  responsible   for  the  high  value  obtained  by  the  Bloor  II 

I  method  in  the  blood  extract.     This  had  proved  far  more  difficult  than  had  been 

j  anticipated  and  more  than  thirty  attempts  had  resulted  in   failure.     At  last,  a 

simple   method   was    found  by   which  they   could   be   secured   by   themselves   in 

chloroform  solution. 

One  hundred  cubic  centimeters  of  the  patient's  blood  extract  in  ether-alcohol  made  with 
6  c.c.  of  blood  (that  is,  double  the  usual  concentration  for  cholesterol  tests")  was  slowly 
evaporated  at  room  temperature.  After  twelve  hours  some  20  c.c.  of  the  extract  remained  in 
the  dish.  This  was  poured  off  and  the  residue  allowed  to  become  completely  dry.  .\  black, 
slightly  crustlike  ring,  3  mm.  wide  and  aliout  8  cm.  in  diameter,  had  formed  where  the  liquid 
receded  during  evaponition.  This  ring  dissolved  very  readily  in  ammonia  water  and  tlie 
aqueous  alkaline  solution  was  filtered   into  a  separatory   funnel.     'iMu-  tilttr  jiajier  was  then 

•Rosenheim's  new  color  reaction  for  oxycholcstero]  has  not  yd  been  tried  owinn  to  sonic  dcla" 
in  olilnininK  the  priiu-iiial  reagent  ( dinielhylsnliihale  I  ,iiul  the  great  iliflunlties  experieneed  in  seenrin;^  a 
reliable  spectroscope. 
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washed  with  a  weak  solution  of  hydrochloric  acid  in  water  in  order  to  dissolve  any  bile  com- 
ponents that  were  more  soluble  in  acid  aqueous  solution  (since  experience  had  shown  such 
bodies  to  be  among  those  found  in  the  gall  stone  residue  of  unknown  composition).  The 
aqueous  solution  in  the  separatory  funnel  was  acidified,  and  shaken  out  with  a  small  quantity 
of  chloroform. 

Portions  of  this  chloroform  extract  from  icteric  blood  which  had  a  slight 
yellow  tinge  similar  to  that  found  in  weak  pigment  solutions,  were  used  for  the 
differential  test.  The  chloroform  was  evaporated  and  the  imperceptible  residue 
dissolved  in  glacial  acetic.  Portions  of  the  Pigment  28  solution  were  treated  in 
the  same  way  and  small  quantities  of  pure  cholesterol  (Merck)  were  also  dis- 
solved in  glacial  acetic  to  serve  as  control  tests.  Lifschiitz  mentions  that  the 
relative  proportions  given  by  him  must  be  strictly  observed  in  order  to  obtain  the 
results  he  describes.  These  proportions  have  therefore  been  carefully  main- 
tained in  all  of  the  tests  reported. 

The  results  obtained  with  the  solutions  of  pure  cholesterol,  bile  green  and 
the  cholesterol-free  bile  derivates  of  icteric  blood  in  glacial  acetic  were  as 
follows : 

Pure  Cholesterol  in  Glacial  Acetic  Acid. — After  oxidation  with  benzoyl  per- 
oxide, boiling  up  and  cooling,  8  drops  of  concentrated  sulphuric  acid  and  1  drop 
of  ferri  perchloride  were  added.  The  solution  turned  deep  burgundy  red  (first 
stage  of  oxy cholesterol  reaction)  and  changed  from  a  purple  blue  to  deep  green 
on  the  addition  of  the  1  drop  of  ferri  perchloride  in  glacial  acetic  acid.  An  equal 
volume  of  pure  chloroform  was  then  added  to  the  test  and  mixture  allowed  to 
separate  in  a  separatory  funnel.  All  of  the  dark  green  color  could  be  seen  in  the 
top  layer  shortly  afterward.  The  bottom  layer  had  a  pale  pinkish  brown  tone. 
The  relative  position  of  the  colors  did  not  change  even  after  the  test  had  stood  for 
several  hours,  but  the  green  color  of  the  oxycholesterol  gradually  became  a  dark 
dirty  brown  (terminal  stage  of  the  reaction),  while  the  lower  stratum  retained  its 
original  pink-brown  tone.  The  same  results  could  be  obtained  when  test  tubes 
were  used  instead  of  a  separatory  funnel. 

Bile  Green  in  Glacial  Acetic  Acid. — In  this  solution  the  reaction  proved  to  be 
far  more  rapid  than  in  the  case  of  pure  cholesterol.  Mere  boiling  with  benzoyl 
peroxide  caused  the  test  to  assume  the  brilliant  green  tone  peculiar  to  the  third 
stage  of  the  reaction.  When  sulphuric  acid,  8  drops,  and  ferri  perchloride  1  drop, 
were  added,  the  green  color  darkened  visibly  and  changed  to  a  dirty  olive  brown 
in  a  few  seconds  (terminal  stage  of  the  reaction).  On  addition  of  chloroform  in 
the  separatory  funnel  this  olive  brown  tone  was  found  in  its  entirety  in  the  bottom 
layer;  the  upper  stratum  remained  colorless  in  the  manner  described  by  Lifschiitz 
for  solutions  containing  only  cholic  acid.  This  seemed  to  indicate  that  the  bile 
derivates  found  in  the  Pigment  28  solution  were  composed  of,  or  closely  related 
to,  cholic  acid,  but  that  they  contained  no  oxycholesterol.  If  the  glacial  acetic 
solution  was  mixed  with  chloroform  as  soon  as  the  green  stage  of  the  reaction 
had  been  reached  by  boiling  with  benzoyl  peroxide  alone  (no  sulphuric  or  ferri 
perchloride  being  added)  the  intensely  green  color  promptly  settled  in  the  bottom 
layer  according  to  the  behavior  of  cholic  acid,  and  the  upper  layer  again  re- 
mained colorless. 

The  Pigment  28  residue  had  dissolved  in  glacial  acetic  with  a  golden  yellow 
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color.  If  a  few  drops  of  concentrated  sulphuric  acid  were  added  to  the  cold 
(golden  yellow)  solution,  the  first  (burgundy  red)  stage  of  the  reaction  appeared 
immediately.  If  a  portion  of  the  golden  yellow  solution  was  left  standing  over- 
bight  at  room  temperature  in  an  uncovered  beaker,  and  therefore  exposed  to  the 
action  of  the  atmospheric  oxygen,  it  was  bright  green  in  the  morning,  though 

I  "traces  of  the  red  stage  could  be  seen  here  and  there  at  the  bottom  of  the  beaker. 
It  was  also  found  that  in  Lifschiitz'  differential  test  the  red  stage  of  the 
reaction  differs  slightly  from  the  green  stage  in  its  behavior  towards  chloroform. 
The  red  color  goes  into  the  chloroform  practically  in  its  entirety,  but  the  upper 
layer  has  a  very  faint  pink  tinge.  As  soon  as  the  green  stage  is  reached,  however, 
the  upper  layer  becomes  colorless,  whereas  the  bottom  layer  is  seen  to  contain 
all  the  color.  In  oxycholesterol  solutions,  on  the  contrary,  the  pink,  the  blue,  the 
green  and  the  terminal  brown  are  all  to  be  found  in  the  upper  stratum.  This 
-could  be  proved  by  adding  sulphuric  acid  drop  by  drop  and  the  addition  of  chloro- 
form as  soon  as  the  test  reached  one  of  the  first  two  stages. 

The  green  stage  of  the  reaction  in  oxidized  cholic  acid  remained  unchanged 
for  days  whereas  the  oxycholesterol  green  faded  to  dirty  brown  in  about  twelve 
hours.  This  peculiarity  alone  might  suffice  to  distinguish  oxidized  cholic  acid 
from  oxycholesterol.*  It  is,  moreover,  in  accordance  with  the  color  persistency 
of  my  pigment  solutions  in  the  Liebermann  test,  and  with  Lifschiitz'  statement** 
in  relation  to  cholic  acid :  "Farbe  wie  Spectra  halten  sich  wochenlang." 

Bile  Derivates  from  Icteric  Blood  in  Glacial  Acetic  Acid. — After  oxidation 
Avith  benzoyl  peroxide,  boiling  and  cooling,  the  usual  addition  of  concentrated 
j  sulphuric  acid,  8  drops,  and  ferri  perchloride,  1  drop,  the  glacial  acetic  solution 
of  bile  derivates  from  icteric  blood  turned  bright  yellow  green,  the  third  stage  of 
the  reaction  being  reached  immediately  because  the  amount  of  bile  derivates 
•contained  in  the  test  was  relatively  very  small  compared  with  the  quantity  of  the 
reagents  used.  Chloroform  having  been  added  and  separation  having  taken 
place,  the  upper  layer  remained  colorless,  showing  that  no  oxycholesterol  was 
contained  in  the  solution.  The  bottom  layer  consisted  of  two  strata,  the  lower, 
narrower  stratum  being  dark  green,  the  other  bright  yellow  with  a  green  tinge. 
This  showed  that  the  bile  derivates  extracted  from  icteric  blood  did  not  contain 
oxidized  cholic  acid  alone  but  another  substance  as  well.  That  this  substance 
was  not  oxycholesterol  was  proved  by  the  fact  that  it  settled  in  the  bottom  layer 
and  must  consequently  be  closely  allied  to  oxidized  cholic  acid.  (The  possibilit}' 
suggests  itself  that  it  may  have  been  the  "rhizocholic"  acid  mentioned  by  Mat- 
thews^' (page  340).  Had  any  oxycholesterol  been  present,  the  upjier  layer  could 
not  have  remained  colorless,  but  both  layers  would  have  been  colored  in  dift'erent 
■degrees  (Lifschiitz).^" 

IVithout  oxidation  by  benzoyl  peroxide  the  glacial  acetic  solution  of  these 
bile  derivates  did  not  give   Lifschiitz'   "Eiscnchlorid-Schwcfelsaure   Rcaktion," 


*A  specinien  of  pigment  solution  at  the  green  stage  of  the  I<iel)ermnnn  reaction  now  in  my  pos- 
session which  was  made  and  i)ut  into  a  sepaiatory  funnel  on  Sept.  11,  191ii,  is  still  bright  green  (Jan. 
22,  1917),  whereas  the  cholesterol  test  containing  200  mg.  iit  6  c.c.  of  chloroform  became  altogether  a 
muddy    brown    in    less    than    four    days. 

**"(Es)    ergibt   sich    die   Frage   ob   die    .    .    .    mit   grosser    Leichtigkeit    und    Sicherhcit    hcrvorzurufcnde 
Reaktton    auf   Galle    und    f'.allcnsauren    durch    Oxydation    derselben    mit    IJenzoyl-superoxyd    .    .    .    sich    nicht 
I    als    Probe    zur    I",rmittelung    von    (ialle    und    ('.allensaiircn    in    <len    lierischen    Fliissigkeiten    eignen    diirfle."" 
<page    326.) 
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even  when  the  test  was  warmed.  This  is  also  in  accordance  with  Lifschiitz' 
statement  "that  chohc  acid  in  glacial  acetic  remains  colorless  on  addition  of  the 
reagents  before  oxidation."" 

At  the  same  time,  however,  in  chloroform  solution  these  cholesterol-  and 
oxycholesterol-free  bile  derivates  were  found  to  give  the  modified  Liebermann 
reaction  described  for  the  writer's  pigment  solutions ;  that  is,  the  pink  stage  of 
the  reaction  appeared  with  the  vividness  and  brilliancy  seen  in  high  dilutions 
of  bile  gi"een,  but  never  observed  in  cholesterol  solutions  of  the  concentrations 
referred  to  in  the  beginning  of  this  paper.  Since  Lifschlitz  states  that  pure  oxi- 
dized cholic  acid  does  not  give  the  Liebermann  reaction,  the  only  explanation  of 
its  occurrence  in  the  writer's  solutions  containing  bile  derivates  from  icteric  blood 
or  from  gall  stones  might  be  that  the  solutions  contained  a  mixture  of  bile 
derivates.  That  neither  cholesterol  nor  oxycholesterol  was  present  may  be  de- 
duced from  the  methods  used  for  extraction  and  from  the  results  obtained  with 
lyifschiitz'  dififerential  test. 

It  seems  possible,  however,  that  the  mixture  of  bile  derivates  may  have  con- 
tained the  "resin  acid"  described  by  Minovici,^'*  which  gives  similar  reactions  and 
is  the  "B  product"  obtained  by  Minovici  and  Zenovici-Eremie  after  severe  oxida- 
tion of  cholesterol,  but  does  not,  according  to  these  writers,  contain  any  oxy- 
cholesterol. 

Whatever  the  exact  nature  of  these  substances  may  be,  their  chemical  pecu- 
liarities would  seem  well  in  accordance  w'ith  Lifschlitz'  conclusion  "that  there 
can  be  little  doubt  concerning  the  gradual  decomposition  of  cholesterol  to  cholic 
acid  in  the  animal  organism."*  Further  investigatiorrs  concerning  the  solubility 
of  the  bile  salts  formed  in  the  Bloor  I  test  and  spectroscopic  determinations  will 
be  reported  when  completed. 

DISCUSSION 

Although  it  is  to  be  regretted  that  the  observations  made  with  Lifschlitz'' 
dififerential  test  could  not  be  corroborated  at  present  by  spectroscopic  analysis 
(owing  to  the  scarcity  of  spectroscopes  due  to  the  war),  the  characteristic  be- 
havior of  oxycholesterol  and  oxidized  cholic  acid,  as  well  as  the  color  persistency 
of  the  latter,  would  seem  to  leave  little  doubt  as  to  the  identity  of  the  bodies  con- 
tained in  the  writer's  pigment  solutions  whether  obtained  from  gall  stone  residue 
or  from  the  cholesterol-free  residue  of   icteric  blood. 

The  curious  fact  that  the  glacial  acetic  solution  of  the  bile  green  used  in 
these  tests  should  give  the  characteristic  reaction  of  oxidized  cholic  acid  imme- 
diately upon  boiling  with  benzoyl  peroxide  and  without  the  addition  of  concen- 
trated sulphuric  acid  and  ferri  perchloride  deserves  a  few  words  of  comment. 
Lifschlitz  has  shown  that  pure  cholic  acid  gives  this  reaction  only  after  severe 
oxidation,  while  the  mixture  of  cholesterol-free  bile  derivates  from  gall  stones 

*"Die  'Nichtcliolesterine'  sind  jedoch  nachweislich  Cholesterinabkomnilinge,  da  audi  bei  ihnen 
sich  die  Essigschwefelsaurereaktion  des  Oxycholesterins  (durch  Oxydation)  hervorrufen  lasst,  und  dienen- 
sicherlich  als  Baumaterial   fur  die  N-freien  Komponenten  der  Gallensaiirepaarlinge.""     (pages   327-328;    324.) 

"Spinnt  sich  aber  somit  der  Faden  des  Abbauprozesses  vom  Cholesterin  bis  zur  Gallensaurebildung 
ab,  so  geht  er  sicherlich  durch  eine  Reihe  von  Zwischengliedern  und  intermediare  Produkten  hindurch."* 
(page   319.) 

"Hieraus  folgt  der   genetische  Zusammenhang  der   Gallensauren  niit  dem   Cholesterin."^   (page  309.) 
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^ave  the  reaction  when  means  were  employed  that  would  be  insufficient  to  pro- 
duce complete  oxidation  of  pure  cholic  acid.  This  seems  to  indicate  that  the 
tchoHc  acid  which  was  present  in  these  gall  stone  derivates  was  already  partially 
loxidized.  Where  this  oxidation  could  have  taken  place  is  hard  to  understand,  as 
the  oxidizing  power  of  the  air  oxygen  during  the  process  of  extraction  on  the 
water-bath  could  hardly  be  compared  to  the  effect  of  benzoyl  peroxide,  sulphuric 
acid  and  ferri  perchloride  combined,  all  of  which  are  needed  for  the  complete 
oxidation  of  pure  cholic  acid.  x\lthough  pure  (unoxidized)  cholic  acid  could  not 
be  demonstrated  in  the  mixture  by  the  Mylius  test,  the  presence  of  bilirubin  could 
be  shown  by  the  test  of  Hammarsten.  The  question  presents  itself  whether  the 
presence  of  bilirubin  could  be  in  any  way  responsible  for  the  partially  oxidized 
condition  of  the  cholic  acid  in  the  mixture.  Bilirubin  is  known  to  be  derived  from 
hemoglobin  (Matthews).  Lifschiitz"  has  demonstrated  the  strongly  oxidizing 
properties  of  desiccated  blood,  by  means  of  which  he  succeeded  in  oxidizing  pure 
cholesterol  (that  contained  no  trace  of  oxycholesterol)  into  pure  oxy cholesterol 
which  could  be  identified  by  its  specific  reaction  and  characteristic  spectrum.  It 
would,  therefore,  seem  possible  that  some  of  the  bile  pigments  present  in  the  mix- 
ture had  played  a  part  in  the  partial  oxidation  of  the  cholic  acid,  no  oxidizing 
agents  having  come  into  contact  with  the  pigment  solution  until  Lifschutz'  dif- 
ferentiation test  was  made.  The  standard  pigment  solution  used  in  all  of  the  tests 
here  reported  had  been  kept  well  corked  and  in  a  cupboard  where  it  was 
shielded  from  the  light,  as  observations  made  on  the  ether-alcohol  extracts  of 
jaundiced  blood  seemed  to  indicate  that  the  bodies  which  caused  the  excess  color 
in  the  Bloor  II  tests  were  not  insensible  to  light.  A  couple  of  blood  samples  that 
remained  exposed  to  strong  light  seemed  to  give  lower  values  with  the  non- 
sodium  test  after  a  few  weeks.  However,  sufficient  data  have  not  yet  been  col- 
lected to  warrant  definite  statements  and  further  investigations  are  being  made. 

CONCLUSIONS 

The  results  obtained  in  these  experiments  corroborate  Mueller's  statement 
that  substances  more  or  less  closely  related  to  cholesterol  add  to  the  values  ob- 
tained in  cholesterol  determinations  by  Bloor's  sodium-free  modification  which 
Mueller  discusses.  Lifschiitz'  differential  test  proved,  moreover,  that  these  sub- 
stances are  not  oxycholesterol.  Parallel  determinations  by  both  methods,  Bloor 
I  and  Bloor  II,  seem  to  reveal  the  presence  of  bile  derivates  in  the  blood  which 
can  be  detected  by  means  of  colorimetric  determinations  and  which  it  might  not 
be  easy  to  detect  by  other  methods  owing  to  the  minute  (luantities  in  which  they 
are  present.  Their  study  may  nonetheless  furnish  valuable  information  concern- 
ing the  chemistry  of  the  blood  in  general. 

Moreover,  since  colorimetric  determinations  and  l»loor's  method  of  extrac- 
tion are  comparatively  simple  and  take  little  time,  they  are  particularly  suited 
for  clinical  observation.  I>y  ])arallel  observations  with  the  IMoor  I  and  I'looi-  II 
methods,  cases  of  disturbed  liver  function,  for  instance,  might  be  conveniently 
singled  out  for  further  investigation  with  the  Hoover-l'lankenhorn''  diaKzation 
method. 
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SUMMARY  m 

1.  In  748  parallel  blood-cholesterol  determinations  made  according  to  Bloor's 
original  method,  with  sodium  ethylate,  and  Bloor's  modification  of  his  method, 
without  sodium  ethylate,  a  constant  difference  could  be  observed  in  the  cliolesterol 
values  obtained  by  both  methods,  lower  values  being  registered  by  the  tests 
with  sodium  than  by  those  without. 

2.  This  difference  was  found  to  be  most  pronounced  in  samples  of  icteric 
blood  obtained  from  cases  of  obstructive  jaundice,  but  a  constant  slight  differ- 
ence, ranging  from  0.050  mg.  to  0.070  mg.  could  be  observed  also  in  normal 
blood. 

3.  A  series  of  experiments  showed  that  a  mixture  of  cholesterol-free  bile 
derivates  obtained  from  gall  stone  residue  by  a  certain  method  of  extraction  gave 
a  special  type  of  Liebermann  reaction  in  which  the  pink  stage  of  the  reaction 
could  be  seen  in  extremely  high  dilutions,  wdiereas  this  pink  stage  can  not  be 
made  visible  in  cholesterol  solutions  of  equal  or  up  to  400  times  greater  con- 
centration. 

4.  It  was  found  that  this  color  reaction  of  cholesterol- free  bile  derivates 
could  be  destroyed  by  the  use  of  sodium  ethylate  under  conditions  parallel  to 
those  found  in  Bloor's  original  method,  but  that  the  color  reaction  of  pure 
cholesterol  could  not  be  simikrly  destroyed.  These  observations  seemed  to 
account  for  the  difference  in  the  cholesterol  values  registered  by  tests  made  with 
Bloor's  original  method  and  by  the  sodium-free  modification  thereof. 

5.  The  same  modified  Liebermann  reaction  could  be  obtained  from  the 
cholesterol-free  residue  of  icteric  blood. 

6.  That  no  oxycholesterol,  but  oxidized  cholic  acid,  was  present  in  the  mix- 
ture of  cholesterol- free  bile  derivates  whether  obtained  from  gall  stone  residue 
or  from  icteric  blood,  could  be  proved  by  means  of  a  test  described  by  Lifschiitz 
for  the  dift'erentiation  between  oxycholesterol  and  oxidized  cholic  acid.  In  either 
case  the  behavior  of  these  bile  derivates  was  identical  with  that  of  oxidized  cholic 
acid  as  described  by  Lifschiitz. 

7.  In  one  respect  only  did  the  cholesterol-free  bile  derivates  derived  from 
gall  stones  differ  from  the  derivates  of  icteric  blood ;  whereas  the  latter  needed  the 
complete  oxidation  required  by  cholic  acid  to  give  Lifschiitz'  differentiation  test, 
the  former  gave  this  reaction  with  less  vigorous  oxidation. 

8.  Since  Lifschiitz  has  demonstrated  the  oxidizing  properties  of  hemoglobin 
and  since  bilirubin,  a  hemoglobin  derivate,  could  be  demonstrated  in  the  mixture 
of  bile  derivates  obtained  from  gall  stones,  it  is  tentatively  suggested  that  the 
bilirubin  contained  in  the  mixture  may  have  caused  this  partial  oxidation  of  the 
gall  stone  derivates. 

9.  My  observations  suggest  that  parallel  cholesterol  determinations  with 
Bloor's  original  method  and  its  modification  might  furnish  valuable  information 
concerning  the  chemistry  of  the  blood,  particularly  in  cases  of  biliary  disturbance 
without  visible  symptoms  of  icterus,  as  Bloor's  method  is  extremely  simple  and 
could  easily  be  supplemented  if  desired  by  the  dialyzation  method  of  Hoover 
and  Blankenhorn. 
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THE  VALUE  OF  CALCIUM  SULPHIDE  IN  THE  TREATMENT  OF 
POISONING  BY  MERCURIC  CHLORIDE* 


By  Charles  C.  Haskell  and  R.  H.  Courtney,  Richmond,  Va. 


POISONING  with  mercuric  chloride,  either  intentional  or  accidental,  has 
increased  much  in  frequency  in  the  past  few  years  and  the  statement  of 
Wilms^  that  in  calcium  sulphide  we  possess  a  valuable  antidote  is  of  much 
interest.  Sabbatini-  also  experimented  with  sulphides,  but  his  results  were  not  so 
impressive.  Lambert  and  Patterson'^  have  shown  that  by  means  of  forcing  fluids 
and  otherwise  favoring  rapidity  of  "elimination,  the  average  case  of  bichloride 
poisoning  will  recover  with  more  or  less  severe  symptoms.  If,  however,  by  means 
of  a  single  intravenous  injection  of  a  solution  of  calcium  sulphide  we  can  be 
assured  of  the  patient's  recovery,  a  distinct  advance  has  been  made,  for  the 
tedious  routine  of  Lambert  and  Patterson  can  be  dispensed  with  and,  of  more 
importance,  we  have  at  our  disposal  a  method  which  is  certain  in  its  results. 
This  can  be  said  of  no  other  yet  proposed. 

The  statement  of  Wilms'  that  local  antidoting  in  the  stomach  is  of  little  or 
no  value  is  apparently  borne  out  by  the  experiments  of  Burmeister  and  ^McXally* 
and  of  Fantus.^  The  first  of  these  investigators  showed  that  after  oral  adminis- 
tration of  mercuric  chloride,  mercury  is  present  in  the  blood  in  sufficient  concen- 
tration within  a  very  few  "minutes  to  cause  renal  damage;  while  Fantus  has 
shown  that  the  commonly  recommended  local  antidotes  exert  little  influence  om 
the  poisoning  in  rabbits  following  oral  administration  of  mercuric  chloride.  If  this 
is  the  case,  it  would  seem  better  to  adopt  a  method  of  administration  that  would 
insure  completeness  of  absorption  and  not  administer  the  mercuric  chloride  in 
tablet  form  orally,  if  we  wish  to  determine  the  value  of  an  antidote  which  will 
exert  its  influence  on  the  mercury  after  absorption.  Dogs  are  very  prone  to  vomit 
after  the  oral  administration  of  mercuric  chloride  and  that  in  Wilms'  experiments, 
conditions  favorable  for  the  production  of  eniesis  were  present  is  indicated  by 
the  promptness  with  which  this  took  place.  It  would  seem  probable  that  if  emesis 
occurred  within  three  minutes  after  the  oral  administration  of  a  tablet  which  he 
"thought  was  the  most  insoluble  tablet  on  the  market"  only  a  small  amount  of  the 
mercuric  chloride  would  be  absorbed,  barely  more  than  the  lethal  dose ;  or,  pos- 
sibly not  that  amount,  for  only  two  of  his  three  dogs  used  as  controls  "died  as  the 
result  of  the  mercury. 

We  have  determined  on  dogs  that  recovery  will  usually  occur  after  the  sub- 
cutaneous dose  of  ten  milligrams  of  mercuric  chloride  per  kilogram  of  body 
weight,  but  that  the  dose  of  fifteen  milligrams  per  kilogram  is  invariably  fatal 
to  untreated  animals.    This  is  illustrated  by  Table  I. 

If  calcium  sulphide  is  of  value  as  an  antidote  for  mercury  after  its  entrance 
into  the  circulation,  it  should  bring  about  the  recovery  of  dogs  that  have  received 
this  surely  lethal  dose  of  mercuric  chloride.     We  have  carried  out  experiments 

*From   the   Laboratory    of   Pharmacology,    Medical    Coll-ege   of   \^irginia,    Richmond,    \'a. 
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designed  to  answer  this  question  by  injecting  relatively  large  doses  of  mercuric 
.chloride  and  following  this  by  intravenous  injections  of  a  solution  of  calcium 
sulphide. 

The  mercuric  chloride  was  injected  under  the  skin  of  the  back  in  the  form  of 
a  five  per  cent  solution  in  distilled  water.  The  calcium  sulphide  used  was  secured 
from  two  sources ;  one  sample  being  manufactured  by  the  Mallinckrodt  Chemical 
Co.,  the  other  by  the  J.  T.  Baker  Co.  The  solutions  were  made  in  either  of  the 
following  ways.  A  gram  of  the  calcium  sulphide  was  added  to  about  450 
grams  of  water  in  a  flask  and  the  solution  boiled,  to  be  then  filtered  into  another 
flask  and  water  added  through  filter  tmtil  the  weight  of  the  contents  Avas  456 
grams;  or  a  gram  of  the  powder  was  added  to  the  requisite  amount  of  boiling 
water.  As  will  be  brought  out  later,  the  method  of  preparation  is  of  importance. 
After  filtration,  the  calcium  sulphide  solution  was  injected  into  the  saphenous 
vein,  exposed  under  cocaine  anesthesia.  Following  Wilms'  directions,  the  anti- 
dote was  used  "grain  for  grain"  for  the  mercuric  chloride  injected.  That  the 
procedure  exerted  a  beneficial  influence  is  shown  by  Table  II. 

Table  I 


SEX 

WEIGHT 

DOSE 

INT 

mgm 

X 

kgm. 

RESULT 

TIME 

Female 

18.45 

15 

Death 

24  hours 

+ 

Female 

5.90 

15 

" 

24  hours 

+ 

Male 

17.27 

IS 

" 

11       " 

-i 

Male 

9.54 

15 

" 

11       " 

J- 

Female 

11.36 

IS 

" 

96      " 

•h 

T 

ABLE 

II 

WEIGHT 

UOSE  OF  hgcl2 

IN   MG.  X  kg. 

MILS  OF  CAS  SOL. 

X  KG. 

RESULT 

7.38 

20 

9.16 

Recovered 

12.63 

20 

9.11 

•' 

10.2 

20 

9.2 

" 

It  is  evident  that  the  treatment  with  calcium  sulphide  solution  was  of  benefit, 
for,  as  has  been  pointed  out,  the  dose  of  15  mg.  per  kilo  is  invariably  fatal  to 
untreated  dogs.  In  all  of  these  experiments,  however,  the  injection  of  the  calcium 
sulphide  solution  was  made  very  soon  after  the  injection  of  the  solution  of  mer- 
curic chloride,  with  one  exception,  where  five  hours  intervened  between  the  ad- 
ministration of  the  mercury  and  the  antidote.  As  a  rule,  when  a  period  of  more 
than  an  hour  has  passed  since  the  injection  of  the  mercuric  chloride  solution,- 
the  results  from  the  calcium-  sulphide  are  not  so  favorable,  and  the  same  is  true 
if  the  dose  be  increased,  as  is  shown  in  Table  III : 

T.-VBLK   111 
WEIGHT  MGM.   HGCl2  X  KGM.  TIME  BETWEEN  HGCl2  AND  CAS  RESULT 

9i69  20  15  hours  Death  in  48  hours 

6.65  2S  12  minutes  Death  in  10  days 

14.31  25  5  hours  Dcatli  in  48  hours  + 

5.36  25  5  hours  and  Zi  min.  Death  in  48  hours  + 

7.27  30  45  minutes  Deatli  in  67  hours 
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It  is  evident,  therefore,  that  the  efficiency  of  calcium  sulphide  decreases  with 
the  lapse  of  time  intervening  between  the  administration  of  the  mercury  and  the 
antidote  and  also  with  the  size  of  the  dose  of  mercuric  chloride.  In  one  experi- 
ment, a  dog  survived  the  dose'  of  30  mg.  of  mercuric  chloride  per  kilo  when  the 
calcium  sulphide  solution  was  administered  within  fourteen  minutes,  but  this 
may  have  been  due  to  some  error  or  to  high  resistance  on  the  part  of  this  particu- 
lar dog. 

Lambert  and  Patterson  emphasize  the  importance  of  forcing  fluid  on 
patients  poisoned  by  mercuric  chloride,  and  at  the  time  of  the  appearance  of 
Wilms'  paper,  we  were  engaged  on  experiments,  the  object  of  which  was  to  ascer- 
tain quantitatively,  how  valuable  this  procedure  is.  The  details  of  these  experi- 
ments will  be  published  elsewhere,  but  it  is  of  interest  to  compare  the  results 
secured  by  the  intravenous  injection^ of  physiologic  salt  solution  with  those  pre- 
viously shown  to  have  occurred  after  the  use  of  calcium  sulphide. 

In  these  experiments,  the  same  solution  of  mercuric  chloride  was  used  and 
the  manner  of  injection  was  similar.  The  salt  solution  was  made  by  dissolving 
technical  sodium  chloride  in  tap  water  and  sterilizing  by  heat.  There  was  from 
0.9  to  1  per  cent  sodium  chloride  present,  and  the  injections  were  made  into  the 
saphenous  vein.  For  purposes  of  comparison,  the  calcium  sulphide  and  the 
sodium  chloride  experiments  are  placed  together  in  Table  IV. 

Table  IV 


WEIGHT 

MGM.    HGCl2 

ANTIDOTE   IN 

TIME    BETWEEN    HG 

RESULT 

PER    KG. 

MILS  X  KG. 

AND   ANTIDOTE 

'.38 

20 

9  mils  CaS  Sol. 

25  minutes 

Recovery 

12.63 

20 

Ditto 

19  minutes 

" 

10.20 

20 

" 

5  hours 

" 

11.10 

20 

9  mils  Salt 

48  minutes 

" 

6.81 

20 

" 

5  hrs.  27  min. 

Death   sixth  day 

14.31 

25 

11  mils  CaS 

5  hours 

Death  in  48  hrs. 

11.13 

25 

11  mils  Salt 

5  hours 

Death  on  6th  day 

5.36 

25 

11  mils  CaS 

5  hrs.  24  min. 

Death  in  48  hrs. 

7.72 

25 

12  mils  Salt 

5  hrs.  36  min. 

Death  on  5th  day 

It  would  seem  from  this  table  that  there  is  little  to  choose  between  the  cal- 
cium sulphide  solution  and  the  saline.  One  dog  recovered  under  calcium  sulphide 
treatment  when  five  hours  had  elapsed  after  the  administration  of  20  milligrams 
of  mercuric  chloride  per  kilo,  while  the  sodium  chloride  control  succumbed  on 
'the  sixth  day.  To  offset  this,  it  is  seen  that  with  the  larger  doses  of  mercuric 
chloride,  the  sodium  chloride  dog  lived  longer  in  every  instance  .than  did  the 
calcium  sulphide  animal.  It  must  be  remembered  also  that  the  Lambert-Patterson 
treatment  depends  upon  the  daily  administration  of  fluid,  colonic  irrigation,  and 
gastric  lavage,  the  combination  of  which  would  undoubtedly  give  better  results 
than  a  single  intravenous  injection  of  salt  solution. 

If,  as  seems  to  be  the  case,  one  is  justified  in  assuming  that  the  benefit  of  the 
calcium  sulphide  in  the  treatment  of  mercuric  chloride  poisoning  after  the  poison 
has  entered  the  circulation  depends  chiefly  on  the  volume  of  fluid  introduced, 
does  calcium  sulphide  possess  any  advantage  over  physiologic  salt  solution?    On 
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the  contrary,  we  believe  that  salt  solution  is  distinctly  superior;  because  it  is 
always  readily  secured,  and,  of  much  more  importance,  can  cause  no  damage 
when  used  properly.  The  solution  of  calcium  sulphide  recommended  by  Wilms 
is,  in  the  first  place,  decidedly  hypotonic,  and  probably  causes  some  hemolysis. 
In  addition  to  this,  Wilms  jjoints  out  that  on  allowin.u  the  solution  to  stand 
decomposition  occurs,  and  substances  are  produced  which  are  violently  toxic. 
We  have  found  that  decomposition  occurs  also  on  boilins^-  for  a  few  minutes,  and 
such  a  decomposed  solution  is  capable  of  causiuij  severe  symptoms  or  even  death 
if  injected  intravenously  into  a  (h)\^.  In  every  ex]XM-inuMil  in  which  laU-inm  ^uh 
phide  was  used,  we  have  noticed  tlie  deep,  ^aspin«>'  respiration  incntioiit'd  by 
Wilms,  and  the  report  of  the  following  experiment  is  particularly  suggestive : 
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White  and  brown  female  fox  terrier,  weight  6.6  kilos. 

May  16,  4.55  p.m. — 25  mg.  HgC12  x  Kg.  subcu. 

5.07  P.M. — Started  intravenous  injection  of  solution  of  cal- 
cium sulphide  which  had  been  boiled  3  minutes.  When  about  5  mils  x  kg. 
had  been  injected,  deep,  gasping  respiration  was  noted.  Injection  was  con- 
tinued, and  respiration  ceased  entirely.  Violent,  tonic  convulsion  occurred, 
and  artificial  respiration  was  necessary  for  about  five  minutes.  Animal 
was  unable  to  stand  for  some  ten  or  fifteen  minutes. 

Alay  26 — Died  during  night. 

To  Study  more  carefully  the  effects  produced  by  these  boiled  solutions  of 
calcium  sulphide,  records  were  taken  of  carotid  blood-pressure  and  of  respiration 
of  two  dogs  under  ether  anesthesia.  The  tracing  illustrates  well  the  marked 
influence  exerted  by  the  intravenous  injection  of  25  milligrams  of  calcium  sulphid^ 
per  kilogram  body  weight.  This  solution  had  been  made  from  the  Mallinckrodt 
sample  and  was  boiled  for  six  minutes.  The  animal  survived  the  effects  of  this 
injection,  ether  anesthesia  seeming  to  increase  the  tolerance  to  the  convulsant 
action  of  the  decomposed  solution. 

While  Wilms  has  suggested  a  means  of  treating  poisoning  by  mercuric  chlo- 
ride which  is  certainly  capable  of  causing  the  recovery  of  dogs  that  would,  if 
untreated,  succumb,  nevertheless,  we  believe  the  following  conclusions  are 
justified  : 

1.  The  value  of  intravenous  injections  of  solutions  of  calcium  sulphide  in  the 
treatment  of  poisoning  by  mercuric  chloride  depends  chiefly  or  entirely  on  the 
fluid  which  is  introduced,  and  results  fully  as  good  can  be  secured  by  the  intra- 
venous injection  of  physiologic  salt  solution. 

2.  The  intravenous  injection  of  calcium  sulphide  is  a  procedure  fraught 
with  actual  danger  and  it  is  possible  that  cases  of  mercurial  poisoning  may  have 
the  lethal  exitus  hastened  rather  than  retarded  by  this  administration  of  calcium 
sulphide. 

3.  In  the  present  state  of  our  knowledge,  it  would  be  unfortunate  if  we 
neglected  to  avail  ourselves  of  every  one  of  the  measures  that  are  of  proved 
value  in  the  treatment  of  bichloride  poisoning ;  such  as  gastric  lavage,  colonic 
irrigation,  hot  packs,  and  the  free  exhibition  of  fluids,  intravenously,  subcu- 
taneously,  by  rectum,  and  by  mouth. 
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THE  ETIOLOGY  OF  ARTERIOSCLEROSIS 


By  Louis  M.  WarFieId,  A.B.,  M.D.,  Milwaukee,  Wis. 


ALTHOUGH  a  vast  amount  of  work  has  been  done  in  the  attempt  to  produce 
arterial  changes  in  animals  which  are  comparable  to  those  found  in  man  in 
the  group  disease  known  as  arteriosclerosis,  the  subject  is  still  unsettled.  As  a 
matter  of  fact  there  is  really  no  actual  disease  which  we  call  arteriosclerosis. 
It  is  rather  the  end  result  in  the  arterial  system  of  the  action  of  several  poisons 
elaborated  in  the  body  under  a  variety  of  conditions.  So  far  as  we  now  know 
these  poisons  may  roughly  be  divided  into  two  classes,  (1)  those  produced  by 
infectious  diseases,  and  (2)  those  produced  by  the  hypothetical,  but  probable, 
poison  elaborated  in  the  digestive  tract  as  the  result  of  the  insufhcient  or  aberrant 
digestion  of  the  proteins.  A  third  factor  has  undoubtedly  a  bearing  on  the 
production  of  arteriosclerosis  in  any  individual.  This  is  an  indeterminate  factor, 
it  can  not  be  controlled  in  the  individual,  for  it  is  a  part  of"  the  person's  very 
birthright  (or  birthwrong),  namely,  heredity. 

Still  one  other  and  definite  factor  is  to  be  considered.  This  is  syphilis. 
Studies  of  recent  years  leave  no  doubt  that  there  is  a  specific  form  of  arteritis 
caused  by  the  spirochete  pallida  which  may  eventuate  in  a  generalized  arterio- 
sclerosis. 

An  examination  of  the  literature  of  the  past  few  years  reveals  the  fact 
that  some  investigators  have  produced  arterial  changes  in  small  animals  by  the 
injection  of  various  poisonous  substances  and  blood  pressure  affecting  sub- 
stances, while  others  who  have  used  these  same  substances  have  failed  to  con- 
firm the  results. 

In  1908  D'Amato^  reported  some  feeding  experiments  on  dogs.  He  fed 
them  for  months  on  putrified  meat  and  succeeded  in  producing  inflammation 
and  degeneration  of  the  media  and  adventitia  with  calcification  and  hyperplasia 
of  the  intima.  In  the  pulmonary  artery,  the  carotids,  in  the  vense  cavje,  and  in 
the  myocardium  there  were  extensive  necroses  and  hyaline  degeneration.  He 
also  tried  injections  of  sodium  urate  and  ergot.  These  drugs  caused  necrosis  in 
the  muscularis  and  elastica  of  the  aorta,  pulmonary  artery,  vena  cava  inferior 
and  heart  muscle,  but  there  was  no  subsequent  calcification.  His  work  showed 
that  under  quite  grossly  abnormal  conditions  of  feeding,  it  was  possible  to  pro- 
duce arterial  changes.  One  could  scarcely  affirm  that  he  was  able  to  produce 
arteriosclerosis  analogous  to  that  in  humans. 

Among  others  who  have  fed  the  ethereal  esters  of  bacterial  putrefaction  to 
animals  is  Dratschinski^  who  fed  indol  for  long  periods  in  small  doses  to  guinea 
pigs  and  monkeys.  This  a])])arently  induced  an  alluToniatous  dogeneiation  of 
the  aorta  and  primary  stage  of  sclerosis  of  the  aorta  and  the  vcssi-Is  of  tin-  brain 
in  the  pigs.     In  monkeys  sclerosis  of  the  adrenals  was  produced. 

Since  Thayer  and  Brush^  .showed  that  the  arteries  of  those  who  had  had 
typhoid  fever  were  more  casil\'  paljiable  than   those   per.sons  of   corresponding 
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age  who  had  never  had  typhoid  fever,  attention  has  been  directed  to  the  rela-    ™ 
tionship    of    infectious    diseases   and    subsequent    chronic    arterial    degenerative 
changes.  ■ 

Frothingham,*  for  example,  studied  at  autopsy  the  vessels  of  persons  up 
to  40  years,  who  had  died  of  infectious  disease.  It  is  interesting  that  he  found 
demonstrable  arterial  lesions  in  those  dying  of  infections  or  disease  complicated 
with  the  pus-forming  cocci.  He  also  studied  the  arteries  of  rabbits  suffering 
from  experimental  nephritis  the  arteries  of  a  cat  which  had  been  glycosuric  for 
over  a  year,  and  of  rabbits  injected  with  adrenaline  and  spartein.  All  these  last 
revealed  no  arterial  lesions.  He  concluded  that  although  the  study  has  thrown 
no  light  on  the  relation  between  noninfectious  toxins  and  arterial  disease,  it 
has  shown  that  during  acute  infectious  diseases  severe  localized  arterial  lesions 
may  occur. 

Later  he  critically  analyzed  all  claims  made  by  those  who  said  they  had  pro- 
duced arteriosclerosis  by  the  injection  of  various  toxic  substances  or  blood- 
pressure-raising  substances  in  animals.  He  concluded  that  none  has  sufficient 
grounds  for  maintaining  the  successful  production  of  arterial  changes  analogous 
to  those  which  occur  in  man.  Alcohol  has  been  said  by  some  to  produce  arterio- 
sclerosis, by  others  it  is  said  to  have  no  effect. 

It  seemed  that  Longcope's  work  on  the  lesions  produced  by  chronic  protein 
intoxication  should  throw  some  light  on  the  question,  but  he  says*  that  he  was 
unable  to  find  in  his  animals  evidences  of  arteriosclerotic  changes. 

Further  search  through  recent  literature  has  not  been  rewarded  by  any 
more  definite  information. 

The  chronicity  of  the  condition  and  the  fact  that  it  is  the  result  of  several 
diverse  causes  led  to  a  clinical  research  among  a  group  of  inmates  in  the  I\Iil- 
waukee  County  Almshouse  and  Hospital.     These  results  w^ill  be  briefly  described. 

The  materia]  consisted  of  500  persons  ranging  in  age  from  38  to  90  years. 
There  were  412  men  and  88  women.  So  far  as  possible  a  careful  history  was 
obtained  with  particular  attention  to  the  history  and  severity  of  various  infec- 
tious diseases  and  pyogenic  infections.'  The  radial  arteries  were  examined  and 
note  was  made  of  the  degree  of  palpability.  Just  palpable  and  judged  to  be 
sclerosis  are.  called  + ;  rather  easily  palpable  are  called  +  + ;  very  easily  palpable, 
beaded  arteries  were  +  +  +.  At  the  same  time  the  systolic  and  diastolic  blood 
pressures  were  taken.  As  there  was  no  relationship  show^n  between  blood  pres- 
sure and  palpable  arteries  of  various  grades,  this  feature  has  been  omitted  in  the 

Table  I 


DISEASE 

NO. 

+ 

+  + 

+  +  + 

POSITIVE 

NEGATIVE 

Measles 

47 

10 

6 

12 

28 

19 

Infectious  arthritis 

38 

9 

6 

4 

19 

19 

Pneumonia 

30 

5 

8 

5 

18 

12 

Typhoid 

27 

6 

8 

3 

17 

10 

Scarlet  fever 

10 

0 

0 

4 

4 

6 

Smallpox 

14 

1 

•4 

0 

5 

9 

Miscellaneous 

12 

2 

5 

2 

9 

3 

178 

33 

37 

30 

100 

78 
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study.  Age  had  no  influence  so  far  as  our  studies  were  concerned.  Old  men 
of  80  had  soft  arteries  while  men  of  40  had  hard,  palpable  arteries,  and  no  rela- 
tionship could  be  shown  between  the  infectious  diseases  and  arteriosclerosis  at 
different  ages.  I  realize  that  in  a  study  of  this  character  there  is  much  that  may 
with  justice  be  criticized,  but  certain  rather  interesting  facts  were  brought  out 
which  seemed  worthy  of  placing  on  record. 

The  cases  were  grouped  according  to  history  of  single  disease  and  those 
with  two  or  more  diseases  in  childhood  or  early  adult  life. 

Measles  heads  the  list  with  47  cases,  10  were  classed  as  +,  6  as  ++,  12  as 
+  +  +,  total  of  28.  No  palpable  sclerosis  was  found  in  19.  Smallpox  was  the 
only  disease  in  14  cases.  Of  these  one  was  +,  four  were  ++,9  were  negative. 
(See  Table  I.) 

When  we  come  to  examine  all  those  with  more  or  less  severe  single  infec- 
tious diseases,  we  find  100  cases  of  sclerosis,  82  occurring  in  the  severe  infection 
group  and  18  occurring  in  the  mild  group.  There  were  78  cases  of  definite  scle- 
rotic radials  who  had  never  had  any  infections. 

There  were  147  cases  who  had  had  one  or  more  infections,  but  in  whom 
there  was  no  sclerosis  made  out.  In  105  cases  there  was  no  history  of  infection 
and  no  evident  sclerosis. 

Of  the  150  persons  with  multiple  diseases,  there  were  80  whose  radials  were 
definitely  found  to  be  sclerotic,  (37+,  35  ++,  8  +  +  +).  Seventy-two  of  these  80 
had  infectious  diseases  of  severe  nature,  8  had  only  mild  attacks.  Seventy 
showed  no  sclerosis.  Forty-four  of  these  had  severe  infections,  26  had  mild 
infections. 

Briefly  these  figures  can  be  resolved  into  this  table : 

252  cases  without  sclerosis. 

248  cases  with  sclerosis. 

147  cases  with  infections  but    no    sclerosis. 

180  cases  with  infections  and    sclerosis. 

SUMMARY 

We  confess  that  we  began  this  investigation  hoping  to  show  that  the  infec- 
tious diseases  played  an  important  part  in  the  production  of  arteriosclerosis.  We 
are  forced  to  conclude  that  they  play  little  or  no  part.  Possibly  a  study  and 
tabulation  of  5000  cases  might  lead  to  some  more  definite  results.  Certainly  the 
very  slight  difiference  in  favor  of  our  supposition  (from  a  study  of  500  cases)  is 
not  great  enough  to  be  other  than  accidental. 
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LABORATORY  METHODS 


A  MODIFIED  WASSERMANN  TECHNIC  BASED  UPON  THE  RAPID 
FIXATION  OF  COMPLEMENT  PRESENT  IN  HUMAN  SERUISP 


By  C.  J.  Bartlett  and  A.  L.  O'Shansky,  New  Haven,  Conn. 

THE  use  of  a  complement-fixation  test  for  syphilis  in  which  the  natural  com- 
plement and  the  antisheep  amboceptor  in  the  patient's  own  serum  are  em- 
ployed has  become  fairly  common  in  controlling  the  Wassermann  test.  Probably 
the  best  known  method  based  upon  this  principle  is  that  introduced  by  Hecht^ 
which  was  modified  by  Weinberg  and  still  later  further  modified  by  Gradwohl.- 
This  Hecht-Weinberg-Gradwohl  method  will,  for  the  sake  of  brevity,  be  referred 
to  as  the  Gradwohl  method.  After  employing  this  Gradwohl  method  in  a  series 
of  cases,  a  further  modification  was  made  by  us  by  which  it  became  evident  that 
the  natural  complement  of  human  blood  serum  combines  with  great  readiness 
with  the  syphilitic  antibody  in  the  presence  of  lipoidal  antigens.  This  union  oc- 
curs much  more  readily  than  does  that  between  the  same  complement  and  the 
antisheep  amboceptor  of  the  patient's  serum  in  the  presence  of  sheep  corpuscles. 
In  fact,  this  is  so  marked  that  if  the  proper  quantity  of  the  patient's  serum  is  em- 
ployed, the  sheep  corpuscles  may  be  added  to  the  tubes  at  the  same  time  that 
the  lipoidal  antigen  is  added  and  then  incubated  without  any  previous  period  of 
complement  fixation.  The  results  are  so  constant  that  it  appears  that  this  technic 
may  be  employed  to  advantage  to  control  the  routine  Wassermann  test.  As  the 
patient's  serum  in  this  method  is  necessarily  used  without  inactivating,  there  is 
no  decrease  of  the  syphilitic  antibody  as  probably  occurs  in  heating  serum  to  55° 
C.  for  30  minutes ;  also  as  the  serum  is  not  incubated  at  37°  C.  before  the  sheep 
corpuscles  are  added,  there  is  no  destruction  of  complement  and  only  a  minimum 
amount  of  serum  need  be  used  for  the  test.  We  have  now  employed  this  method 
in  a  series  of  900  cases,  paralleled  by  the  routine  Wassermann  test,  with  satis- 
factory results. 

It  is  desirable  to  describe  briefly  the  technic  of  the  Gradwohl  method  before 
giving  that  employed  by  us.  As  already  indicated,  the  complement  and  the  anti- 
sheep amboceptor  of  the  patient's  own  serum  are  utilized  in  this  test.  Accord- 
ingly in  using  it  there  is  first  determined  the  amount  of  5  per  cent  suspension  of 
sheep  corpuscles  which  is  completely  hemolyzed  by  .1  c.c.  of  the  patient's  serum 
and  this  amount  is  taken  as  the  "hemolytic  index"  of  that  particular  serum. 
From  this  index  is  then  estimated  the  amount  of  the  corpuscle  suspension  to  be 
used  in  making  the  test.    In  most  cases  this  represents  only  a  fraction  of  the  total 

*From   the   Pathological    Society   of   the   New    Haven    Hospital. 

'Hecht,  Hugo:-  Wien.   klin.   Wchnschr.,   1909,   xxii,   338. 

^'Gradwohl,  R.  B.  H.:     Jour.  Am.  Med.  Assn.,  1914,  Ixiii,  240;  Ibid.,   1917,  Ixviii,  514. 
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amount  of  corpuscle  suspension  which  .1  c.c.  of  the  serum  can  hemolyze;  for  ex- 
ample, if  this  quantity  of  serum  can  hemolyze  1  c.c.  of  the  5  per  cent  suspension 
of  sheep  corpuscles,  as  found  in  determining  the  hemolytic  index,  only  one-fifth 
of  this  amovmt  or  .2  c.c.  is  employed  in  carrying  out  the  test.  In  making  the 
test  itself  four  tubes  are  used,  the  last  one  serving  as  a  serum  control  and  not 
receiving  any  antigen,  while  the  other  three  receive  increasing  amounts  of  anti- 
gen. Each  tube  also  receives  .1  c.c.  of  the  patient's  serum  and  a  sufficient  saline 
solution  to  equalize  the  volume  in  each.  They  are  kept  in  the  water-bath  at  Z7° 
C.  for  thirty  minutes,  after  which  the  sheep  corpuscle  suspension  in  the  amount 
computed  from  the  hemolytic  index  is  added  to  each  tube  and  they  are  kept  in 
the  water-bath  for  thirty  minutes  longer.     The  reading  is  then  made. 

We  have  tried  this  method  of  Gradwohl  in  230  cases  controlled  by  the  routine 
Wassermann  test  and  also  paralleled  by  the  method  about  to  be  described,  and  it 
has  not  proved  entirely  satisfactory.  In  14  per  cent  of  the  cases  no  hemo- 
lytic index  could  be  obtained.  In  about  64  per  cent,  where  an  index  was  obtained, 
it  was  so  low  that  according  to  Gradwohl's  own  statement,  the  results  of  the  re- 
action must  be  regarded  as  of  doubtful  value.  In  this  64  per  cent,  and  in  the 
remaining  22  per  cent  where  the  index  was  higher,  the  results  did  not  agree  well 
enough  wuth  those  of  the  routine  Wassermann  test  to  make  the  method  appear  to 
be  of  great  value.  Nor  did  it  prove  more  sensitive  than  the  regular  Wassermann 
test.  On  the  contrar}-,  it  gave  a  smaller  number  of  positive  tests.  This  appears 
to  be  due  to  the  discrepancy  between  the  amount  of  sheep  corpuscles  used  for 
the  test  and  the  entire  amount  which  the  same  quantity  of  serum  used  can  hemo- 
lyze as  shown  in  the  hemolytic  index;  in  other  words,  due  to  the  use  of  an  exces- 
sive quantity  of  either  complement  or  amboceptor  or  both.  However  it  is  only 
fair  to  state  that  the  only  antigen  used  by  us  in  making  these  tests  by  the  Gradwohl 
method  was  an  alcoholic  extract  of  human  heart,  half  saturated  with  cholesterin. 

The  technic  of  the  Gradwohl  test  for  determining  the  hemolytic  index  was 
then  modified  by  us  by  using  a  definite  quantity  of  sheep  corpuscle  suspension  in 
each  tube  and  finding  the  smallest  amount  of  the  patient's  serum  which  would 
produce  complete  hemolysis  in  30  minutes  in  the  water-bath  at  Z7'^  C.  The 
amount  of  sheep  corpuscles  determined  upon  was  the  same  as  that  employed  in 
our  routine  Wassermann  test,  .1  c.c.  of  a  5  per  cent  suspension  in  each  tube, 
the  entire  quantity  of  material  in  the  tube  evcntuall\-  being  made  up  to  .5  c.c.  The 
technic  is  shown  in  Table  I. 

Table  T. 
Finding  the  Hemolytic  Index  in  the  Modified  Method  Described. 


Tubes.  123456789  10 

I'nheated  serum.  .01  .02         .03         .04        .05         .06         .07         .08  .09         .10 

.S%  sheep  corpuscles.       .1  c.c.  in  each  tube. 
85%  salt  solution  Up  to  .5  c.c. 

Incubate  in  the  water-bath  for  30  minutes  at  37°  C.     Shake  occasionally.     Read  index. 

The  tube  containing  the  smallest   auioiinl   of   scrum    which   shows   complete 
hemolysis  is  taken  as  indicating  the  hemolytic  index,     'i'hus,  if  Tube  .^  is  the  one 
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in  which  hemolysis  is  complete,  the  index  is  5,  indicating  that  .05  c.c.  of  that 
particular  serum  is  sufficient  to  hemolyze  .1  c.c.  of  5  per  cent  suspension  of  sheep 
corpuscles.  In  about  one-sixth  of  the  sera  in  this  series  no  hemolytic  index  was 
secured  by  this  first  test.  In  such  cases  a  second  series  is  set  up  similar  to  the 
above  but  having  .11  c.c.  of  serum  in  the  first  tube  and  .01  more  in  each  succeed- 
ing tube.  In  this  series,  if  Tube  5  is  the  lowest  one  to  show  hemolysis,  the  hemo- 
lytic index  is  15;  that  is,  .15  c.c.  of  the  serum  is  required  for  hemolysis.  Over 
80  per  cent  of  the  sera  in  this  series,  731  out  of  900,  gave  hemoh'tic  indices  be- 
tween 1  and  10.  Xearl}'  12  per  cent  (105)  gave  indices  between  11  and  20;  while 
64,  or  7.1  per  cent  gave  no  index,  showing  that  .2  c.c.  of  each  of  these  sera  con- 
tain too  little  complement  and  amboceptor  to  completely  hemolyze  this  quantity 
of  sheep  corpuscle  suspension.  It  is  to  be  noticed  that  the  significance  of  a  low 
hemolytic  index  by  this  technic  is  just  the  opposite  from  that  in  the  Gradwohl 
method.  Here  a  low^  index  indicates  that  a  serum  is  strongly  hemoyltic  for  sheep 
corpuscles  while  in  the  Gradwohl  method,  it  shows  the  serum  to  have  a  low 
hemolyzing  power. 

Especial  care  must  be  exercised  in  determining  the  hemolytic  index  to 
make  sure  that  the  reading  is  sufficiently  high.  That  is,  if  there  is  the  least  sus- 
picion of  any  turbidity  remaining  in  a  tube  when  it  is  compared  with  one  un- 
doubtedly showing  complete  hemolysis,  the  one  next  higher  in  the  series  must  be 
taken  as  showing  the  index.  The  importance  of  this  is  due  to  the  fact  that  the 
exact  amount  of  serum  as  determined  by  the  index  is  to  be  employed  in  mak- 
ing the  fixation  test. 

In  obtaining  the  hemolytic  index,  our  results  do  not  agree  with  the  statements 
usually  made  that  the  sera  must  be  perfectly  fresh  in  order  to  obtain  the  index. 
The  900  sera  tested  were,  in  the  majority  of  cases,  from  twenty-four  to  forty- 
eight  hours  old,  though  the  opportunity  presented  itself  to  secure  them  entirely 
fresh.  At  difi:erent  times  we  have  kept  a  serum  for  over  a  week  and  still  secured 
an  index,  though  at  the  end  of  this  period  this  was  somewhat  higher  than  it  was 
when  the  serum  was  fresh.  The  results  obtained  indicate  that  the  serum,  if  kept 
aseptically  and  in  an  ice  box,  will  give  an  index  several  days  after  it  has  been 
obtained,  so  that  the  test  is  applicable  under  the  conditions  ordinarily  obtaining 
in  making  the  routine  Wassermann  test  in  hospital  laboratories.  Presumably  it 
will  not  prove  applicable  to  sera  which  are  sent  from  a  distance  so  that  they  have 
been  kept  at  room  temperature  for  twenty- four  hours  or  more. 

The  sera  which  gave  no  hemolytic  index  could  not  be  tested  by  the  method 
described  without  further  modification.  In  nearly  all  of  the  cases  here  reported 
these  sera  were  excluded  as  not  being  suitable  for  this  test.  More  recently  a 
method  has  been  devised  by  which  these  also  may  be  tested.  This  will  be  de- 
scribed later  in  this  paper.  The  other  sera,  those  giving  a  hemolytic  index, 
were  tested,  after  determining  the  index,  as  shown  in  Table  II. 

Each  tube  receives  the  serum  to  be  tested  and  sheep  corpuscles,  and  all  ex- 
cept the  first  one,  which  is  the  serum  control,  also  receive  an  antigen.  It  is  to  be 
recalled  that  this  serum  is  not  inactivated  and,  as  shown  in  the  table,  is  used  in 
just  sufficient  quantity  to  completely  hemolyze  the  corpuscles  present,  but  with  no 
excess.     There  are,  therefore,  in  each  of  the  last  three  tubes,  complement,  anti- 
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Table  II. 
Modified  Test,  Using  Three  Antigens. 


121 


Tubes.  12.  3  4 

Unhealed  serum.  Indexed  amount  in  each  tube. 

5%  sheep  corpuscles.  0.1  c.c.  in  each  tube. 

Antigen,  diluted.  .0  0.2  c.c.  0.2  c.c.  0.2  c.c. 

.85%  saline  solution. Up  to  0.5  c.c.  in  each  tube. 

Keep  in  water-bath  at  37°   C.  for  30  minutes  with  occasional  shaking.     Read  the  results. 
The  antigen  used  in  Tube  2  was  an  alcoholic  extract  of  human  heart  or  guinea  pig  heart,  half  saturated 
with  cholesterin;  in  Tube  3,  alcoholic  extract  of  the  same  tissue;  in  Tube  4,  an  acetone  insoluble  antigen. 

sheep  amboceptor,  antigen,  sheep  corpuscles,  and,  in  cases  of  lues,  syphilitic  anti- 
bodies. The  antigens  must  be  strictly  nonanticomplementary  in  the  quantities 
used.  As  there  is  no  period  of  heating  at  37°  C.  before  the  corpuscles  are  added 
and  so  no  appreciable  lessening  of  the  amount  of  complement  present,  it  should 
follow  that  in  all  the  control  tubes  and  in  all  of  the  tubes  where  the  complement 
is  not  very  quickly  fixed,  hemolysis  should  occur.  This  result,  we  think,  is  shown 
by  our  tests.  Also,  that  if  hemolysis  does  not  occur  because  of  complement  fixa- 
tion in  the  syphilitic  sera,  the  union,  whatever  its  nature,  between  this  natural 
complement,  syphilitic  antibody  and  lipoidal  antigens  must  take  place  very  much 
more  rapidly  than  does  that  between  the  same  complement,  antisheep  amboceptor 
and  sheep  corpuscles.  This  we  believe  to  be  a  proper  inference  from  our  results. 
Any  serum  which  shows  partial  or  complex  lack  of  hemolysis  in  Tubes  2, 
3,  or  4  may  then  be  tested  by  the  scheme  shown  in  Table  III  to  determine  the 
degree  of  inhibition.  This  test  we  have  made  with  cholesterinized  antigen  only, 
as  that  is  the  most  sensitive  of  the  three  antigens  employed. 

Table  III. 
Modified  Wassermaxn  Test,  Final  Positive  Reading  with  Cholesterinized  Antigen. 

Tubes.  i  2  3  4  5 

Unhealed  serum.  Indexed  amount  in  each  tul)e. 

Antigen,  diluted.  0  .2  .15  .1  .05 

.85%  saline  solution.  Up  to  .5  c.c.  in  each  tube. 


The  reading  is  made  as  in  the  routine  Wassermann  test,  complete  inhibition  in  Tubes  2,  3,  4  and  5, 
with   complete   hemolysis   in   Tube    1,   being  +  +  + +. 

Of  the  900  sera  which  we  have  tested  by  this  melhod,  the  first  2M  were  not 
carried  through  by  the  technic  of  Table  II,  but  after  determining  the  hemolytic 
index,  they  were  tested  only  with  a  cholesterinized  antigen  as  shown  in  Table  III. 
The  remainder  were  tested  whh  tlirce  antigens  and  then  the  positive  sera  were 
tested  as  shown  in  Table  III. 

In  several  respects  the  technic  as  shown  1)\-  Tables  II  and  III  closely  parallel 
that  of  the  routine  Wassermann  test  as  carried  out  by  us.  In  this  latter  the  total 
quantity  in  each  tube  is  made  up  to  ..^  c.c.  The  amount  of  sheep  corpuscles  used 
in  each  tube  is  .1  c.c.  of  the  5  per  cent  suspension,  and  all  sera  aw  lirst  tested 
with  tlirce  antigens,  using  the  same  (|uantity  as  shown  in  Table  II.  .\ll  positixe 
sera  are  then  tested  with  the  {|uantities  of  cholesterinized  antigen  as  shown  in 
Table  III.     The  contrast  between  the  modified  test  here  described  and  the  routine 
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\\''assermann  test  is  seen,  first,  in  the  employment  of  the  complement  and  ambo- 
ceptor of  the  patient's  own  serum  in  the  former  and,  secondly,  in  the  omitting 
in  the  modified  test  of  any  preliminary  incubation  at  2)7°  C.  for  the  purpose 
of  complement  fixation. 

In  comparing  the  results  of  the  modified  test  described  and  the  routine  Was- 
sermann  test,  we  have  obtained  in  the  900  sera  64  which  gave  no  hemolytic  index. 
Of  the  remaining  836,  there  were  629  which  were  negative  by  both  tests,  while 
166  were  positive  by  both  tests.  For  the  sake  of  comparison,  all  have  been  put 
down  as  positive  which  showed  even  slight  inhibition  of  hemolysis.  Thus,  795 
agreed  by  both  tests.  Ten  sera  were  positive  with  the  routine  Wassermann  test 
and  negative  with  the  modified  test  described.  Twenty-nine  were  positive  with 
the  modified  test  described  and  negative  with  the  routine  Wassermann  test.  In 
each  of  these  cases  a  study  of  the  history  of  the  case  was  made  when  possible 
in  order  to  determine  which  of  the  two  tests  gave  the  more  reliable  results.  The 
summary  of  this  study  is  given  in  Tables  IV  and  V. 

Table  IV. 

Positive  Readings  with  the  Routine  Wassermann  Test  and  Negative  with  the  Modified 

Test  in  900  Sera.* 

no.      wassermann        modified        hemolytic  specific  history 

TEST  wassermann  INDEX 

1  +f±  0  6  Gastric  ulcer,  recurrent. 

2  +++  0  6  Gastric  ulcer,  recurrent.     Same  as  No.  1. 

3  +±  0  6  Gastric  ulcer,  recurrent.     Same  as  No.  1. 

4  ±  0  2  Brother  of  No.  1. 

5  +++ifc  0  6  Pain  in  abdomen.     Peritonitis. 

6  ±  0  12  Congenital  lues.   Wassermann  1  yr.  ago,  +. 


0 

6 

0 

6 

0 

6 

0 

2 

0 

6 

0 

12 

0 

10 

0 

7 

0 

5 

0 

6 

7  ++  0  10  Congenital  lues.    Other  Wassermann  tests 

-H-  or  +++. 

8  ++++  0  7  Husband  said  to  have  lues. 

9  I  I  I  I  0  5  Negative.      Bichloride   poisoning. 
10                 MM                       0                        6                    Negative.      Carbohc   acid   poisoning.** 

*For  the  sake  of  comparison,  all  tests  showing  even  slight  inhibition  of  hemolysis  have  been  included 

in  Tables  IV,  V,  VI  and  VII. 

**One  week  later,  both  Wassermann  and  modified  tests  were  negative. 

In  examining  these  tables  it  is  noticeable  that,  of  the  cases  in  which  the 
routine  Wassermann  test  was  positive  and  the  modified  test  negative,  only  two 
gave  a  definite  history  of  syphilis,  one  of  these  giving  only  a  doubtful  positive 
(±:)  and  the  other  being  -| — j-.  These  were  both  cases  of  congenital  lues.  The 
husband  of  a  third  patient  in  this  group  was  said  to  be  syphilitic.  Two  of  the 
sera  giving  a  4-positive  were  from  cases  of  acute  poisoning,  and  one  of  these, 
which  was  tested  a  week  later,  was  then  negative. 

In  Table  V,  twenty-nine  sera  which  were  positive  with  the  modified  test  and 
negative  by  the  routine  Wassermann  test  came  from  twenty-six  patients.  Twelve 
of  these  gave  a  history  of  syphilis  or  were  suffering  from  diseases  like  tabes  or 
general  paresis  which  are  recognized  as  being  of  luetic  origin.  Several  of  the 
others  gave  a  -|-  or  ±,  a  reaction  too  weak  for  a  definite  diagnosis,  but  they  have 
been  included  here  for  the  sake  of  comparison. 
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Table  V. 
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Positive  Reading  with  the  Modified  Test  and  Negative  with  the  Routine  Wassermann 

Test  in  900  Sera. 


no. 

wassermann 

modified 

hemolytic 

test 

wassermann 

index 

1 

0 

4+ 

4 

2 

0 

4+ 

5 

3 

0 

+ 

6 

4 

0 

++++ 

3 

5 

0 

+++± 

10 

6 

0 

+± 

6 

7 

0 

+++± 

3 

8 

0 

± 

4 

9 

0 

+++± 

4 

10 

0 

+± 

6 

11 

0 

+++± 

2 

12 

0 

++ 

4 

13 

0 

++++ 

4 

14 

0 

■H- 

10 

15 

0 

+ 

4 

16 

0 

+4+± 

J. 

17 

0 

-H- 

5 

18 

0 

+± 

10 

19 

0 

++± 

7 

20 

0 

++ 

5 

21 

0 

^; 

/!_ 

22 

0 

± 

4 

IZ 

0 

± 

2 

24 

0 

+ 

5 

25 

0 

+ 

12 

26 

0 

++++ 

12 

SPECIFIC   HISTORY 


Tabes.     No  history  of  primary. 

Pulmonary  stenosis. 

Pulmonary  stenosis.    Same  as  No.  2. 

Congenital  lues. 

Primary,    1916. 

Hemiplegia. 

Primary,  1916. 

Loss  of  weight,  pain  in  stomach. 

Tabes.     Spinal  fluid,  positive  +±. 

Primary  two  years  ago. 

Gonorrheal  arthritis,   1915. 

Tertiary  lues.     Wassermann  test,   I  I  I  I. 

Furunculosis. 

General  paresis. 

Tabes. 

Cerebral   syphilis.     Wasseimann   positive 

two  years  ago. 
Negative.  Eczema. 
Tabes. 

Negative.    Hemiplegia. 
Ulcers  of  leg. 
Negative.    Acute  pleurisy. 
Diagnosis  is  lues.    Salvarsan  treatment. 
Negative.     Furunculosis. 
Negative.     Arthritis. 
No  history  obtained. 
Diagnosis,  cerebellar  tumor.     Spinal  fluid 

negative. 

27  0  ±  7  Same  as  26.     Made  shortly  after  provoca- 
tive salvarsan. 

28  0  ±  5  Wife  has  syphilis. 

29  0  ++±  7  Tabes.    Same  as  No.  18.    Spinal  fluid  -H-H-. 

In  the  first  500  sera  tested,  there  were  31  from  30  different  patients  in  which 
a  positive  result  was  obtained  by  each  method  but  in  which  the  modified  method 
gave  a  higher  reading  than  did  the  routine  Wassermann,  while  in  9  sera  the  op- 
posite was  the  case.     These  are  given  in  Tables  VI  and  VII. 

Of  the  31  sera  where  the  modified  test  gave  a  higher  reading,  22  from  21 
different  patients  gave  a  history  of  syphihs  or  the  symptoms  were  such  that  a 
diagnosis  of  hietic  infection  had  been  made.  In  addition,  one  other  patient  had 
had  five  abortions,  and  in  a  third  the  placenta  had  an  appearance  which  was  con- 
sidered suspicious  of  syphilis,  while  a  fourth  had  osteitis  of  the  tibia.  Included 
in  the  above  22  were  three  cases  of  tabes,  four  in  which  the  diagnosis  of  cerebro- 
spinal syphilis  had  been  made  and  one  of  congenital  syphilis.  The  variation  in 
the  degree  of  complement  fixation  varied  from  ±:  by  the  routine  Wassermann 
with  H-+++  by  the  modified  method  to  ±  by  the  fonucr  with  +  by  the 
latter. 

Of  the  9  sera  from  as  many  different  patients  in  which  the  routine  Wasser- 
mann gave  the  higher  reading,  6  gave  a  history  indicative  of  syphilis.     The  great- 
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Table  VI. 
Both  Tests  Positive.     Modified  Method  Giving  the  Higher  Reading.*    500  Sera. 

no.  wassermann  modified        hemolytic              specific  history 

test  w^assermann        index 

TEST 

1  ++  I'M  7  Negative.     Necrosis,  superior  maxilla. 

2  ±  ++  5  Primary  fourteen  years  ago. 

3  ±  -H-±  13  Primary,  ten  years  ago. 

4  ++  ■H-±  4  Negative.     Infection,  both  hands. 

5  ±  +±  10  Secondaries   present. 

6  ±  +  4  Cerebrospinal  lues. 

8  ±  -l-l-±  4  Tabes.    Salvarsan  treatment. 

7  ±  ++  7  Primary  in  1911.     Salvarsan  treatment. 

9  'r+±  -f++±  15  Pneumonia. 

10  ±  +-H-±  3  Congenital  lues. 

11  ±  ++  5  Primary,  three  years  ago. 

12  ++-±  I  I  I  I  3  Treatment  for  syphilis  for  two  years. 

13  ±  +±  5  Five  abortions. 

14  ±  -H-±  5  Pain  in  chest.     Has  had  KI. 

15  ++±  -H-fzt  7  Primary  in  1915.     Treated  with  mercury. 

16  ±  4-H-±  2  Paraplegia. 

17  ±:  I  M  I  2  Primary,  twenty  vears  ago.    Furunculosis. 

18  ++±  ++++  4  Tabes.  ' 

19  +±  4^  2  Same  as  No.  17. 

20  +  i+  5   -  Tabes. 

21  —  ■H-+±  10  Cerebral  lues.     Hemiplegia. 

22  +±  -H+  4  Treated  for  lues. 

^^  —  -H-t-±  5  Primary  in  1912.     Sah  arsan  and  mercury 

treatment. 

24  +—  +++±  5  Hemiplegia. 

25  +  +±  2  Placenta  suspicious  of  syphilis. 

26  ++±  -H-H-  10  Cerebrospinal  lues. 

27  ±  +±  4  Two  stillbirths. 

28  ±  -H-H-  4  Gumma    of   rectum.      Previous    Wasser- 

mann,  MM-. 

29  ++±  -H-H-  4  Osteitis  tibiae. 

30  ±  INI  5  Primary  four  years  ago. 

31  ±  +±  6  Cerebrospinal  lues. 


Table  VII. 

Both  Tests  Positive.     Routine  Wassermann  Method  Giving  the  Higher  Reading. 

500  Sera. 


1 


NO.      wassermann        modified  hemolytic               specific  history 

test           wassermann  index 

TEST 

1  ++-1-                    -H-  5  Primary  twenty  years  ago. 

2  MM                  +++  2  Syphilis.     Miscarriage. 

3  ++++                 -H-  8  Epilepsy. 

4  ++++                  +++±  7  Myocarditis.     Emphysema. 

5  I  I  I  I                   -H-f±  8  Primary  six  months  ago. 

6  ++i^                 ++  7  Pain  in  feet. 

7  -f+4+                  +++±  11  Latent    syphilis. 

8  ++++                  ■H+±  3  No  history  of  primary.     Has  been  treated 

for  syphilis. 

9  +++—                  ++  12  Wassermann,    positive     (-!-)     three    years 

ago. 
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est  variation  in  the  two  readings  here  was  -f  +  +  +  to  +  +.  A  careful  study 
of  these  Tables,  IV,  V,  VI  and  VII,  in  which  there  is  a  discrepancy  between  the 
two  tests,  leads  us  to  feel  that  the  modified  test  in  this  series  is  not  only  more 
delicate  than  the  routine  Wassermann  test  but  also  that  it  is  more  accui-ate ;  also 
that  it  does  not  give  an  undue  number  of  false  positive  tests.  We  appreciate, 
however,  that  false  positive  results  do  occur  at  times,  even  when  these  are  4- 
positive.  Thus,  No.  26  of  Table  V,  a  case  diagnosed  as  cerebellar  tumor,  gave 
4-positive  by  this  method  and  negative  by  the  regular  Wassermann,  but  after  a 
provocative  dose  of  salvarsan,  it  became  only  a  doubtful  positive  by  the  modified 
method,  and  a  little  later  was  entirely  negative.  Another  case,  too  recent  to  be 
included  in  the  900  reported,  gave  similar  results,  and  is  improving  under  tuber- 
culin treatment. 

Among  the  .900  sera  there  have  been  six  which  were  anticomplementary  by 
the  routine  Wassermann  method,  using  inactivated  sera.  Of  these,  two  also 
failed  to  give  any  hemolytic  index  with  the  modified  method.  Of  the  other  four, 
one,  a  case  of  staphylococcus  septicemia,  gave  a  hemolytic  index  of  four  and  was 
negative;  one,  a  case  of  Banti's  disease,  gave  an  index  of  6  and  w'as  negative; 
the  third,  carcinoma  involving  the  bile  ducts,  gave  an  index  of  6  and  was  nega- 
tive;  and  the  fourth,  a  case  of  congenital  syphilis  with  treatment,  with  an  index 
of  13,  gave  a  weak  positive. 

The  64  sera,  which  gave  no  hemolytic  index,  came  from  a  variety  of  condi- 
tions and  did  not  appear  to  be  particularly  related  to  any  one  type  of  disease.  In 
attempting  to  obtain  the  hemolytic  index  in  samples  of  sera  from  placental  blood 
and  of  spinal  fluid,  it  was  found  that  no  hemolysis  occurred.  Either  complement 
or  amboceptor,  or  both  were  lacking.  Until  recently  we  have  been  unable  to  test 
these  for  the  same  reason  that  the  other  sera  having  no  hemolytic  index  could  not 
be  tested.  Recently  we  have  found  that  by  combining  in  equal  quantities  a  nega- 
tive serum  having  a  comparatively  low  index,  with  a  serum  giving  no  index  or 
with  a  spinal  fluid,  the  combined  serum  or  serum  and  spinal  fluid,  will  give  a 
hemolytic  index  and  can  be  tested  by  the  method  described.  We  have  as  yet  ap- 
plied this  to  only  a  small  number  of  sera  having  no  hemolytic  indices  and  to  a 
small  number  of  spinal  fluids,  but  it  apparently  makes  it  possible  to  test  any 
serum  and  any  spinal  fluid  bv  this  method.  We  have  not  had  opportunity  to 
apply  it  as  yet  to  the  serum  from  placental  blood. 

One  evident  criticism  of  the  method  as  described  is  that  the  quantity  of 
serum  used  in  performing  the  test  varies  with  different  sera.  Thus  one  serum 
may  have  an  index  of  3,  in  which  ca.se  .03  c.c.  of  serum  is  used  in  each  tube  m 
making  the  test.  Another  serum,  having  a  hemolytic  index  of  15,  will  have  .l.-^ 
c.c.  of  serum  added  to  each  tube.  We  anticipated  that  this  would  be  a  serious  ob- 
jection and  that  this  larger  amount  of  serum,  when  used  in  our  routine  Wasser- 
mann test,  would  give  different  results  than  would  be  obtained  in  using  the  ordi- 
nary amount,  i.e.,  .02  c.c.  Accordingly,  scries  of  Wassermann  tests  were  made 
in  which  the  indexed  amf)unt  of  serum  was  employed  after  being  inactivated,  this 
.series  being  controlled  l>\  the  routine  Wassermann  test,  using  .02  c.c.  of  serum. 
In  no  case  in  which  the  latter  gave  negative  results  did  it  change  to  positive  when 
the  larger  amount  of  serum  was  used,  even  though  the  modified  test  gave  a  posi- 
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tive  reaction.  In  a  few  positive  cases,  a  slightly  stronger  positive  was  obtained, 
for  example,  one  giving  -\ — | — |-  with  .02  c.c.  of  the  serum  might  give  -\ — | — | — \- 
when  the  indexed  quantity  was  employed.  Our  results  indicate  that  no  material 
change  would  have  been  obtained  by  the  routine  Wassermann  method  if  the  in- 
dexed amount  of  serum  had  been  used  in  each  case.  The  rapidity  of  fixation  of 
the  patient's  complement  in  the  presence  of  lipoidal  antigen  and  syphilitic  anti- 
body led  us  to  try  a  similar  technic,  using  the  complement  of  guinea  pig  serum  and 
antisheep  amboceptor  of  serum  from  immune  rabbits,  with  no  preliminary  period 
of  incubation  for  complement  fixation.  Both  the  amboceptor  and  complement 
were  carefully  titrated  and  two  series  of  tests  were  set  up.  In  one  of  these,  one 
unit  of  complement  and  one  unit  of  amboceptor  were  added  to  each  tube.  In  the 
second  series,  two  units  of  each  were  added  to  each  tube.  The  inactivated  serum 
to  be  tested,  antigens  and  sheep  corpuscles  were  then  added  in  the  same  quantities 
as  in  the  routine  Wassermann  test,  and  placed  in  the  water-bath  at  37°  C.  for 
thirty  minutes.  In  the  first  series,  in  which  one  unit  only  of  complement  and 
one  unit  of  amboceptor  were  used,  the  serum  controls  hemolyzed  while  all  of  the 
tubes  containing  cholesterinized  antigen,  whether  negative  or  positive  by  the 
routine  Wassermann  test,  failed  to  show  hemolysis,  and  several  of  the  negative 
sera,  tested  by  the  other  antigens,  showed  only  partial  hemolysis.  Using  two 
units  each  of  complement  and  of  amboceptor,  all  of  the  serum  controls  hemolyzed 
and  most  of  the  tubes  containing  negative  sera,  in  which  the  antigen  was  pres- 
ent, also  hemolyzed.  A  few  failed  to  hemolyze.  The  tubes  containing  the  posi- 
tive sera,  which  also  contained  antigen,  did  not  hemolyze.  There  had  evidently 
here  been  a  rapid  complement  fixation  as  in  the  modified  test  described,  but  it 
was  much  less  clear  cut,  and  an  excess  of  complement  and  amboceptor  was  neces- 
sary in  order  to  produce  hemolysis.  The  results  are  evidently  much  more  delicate 
and  reliable  when  natural  complement  and  the  antisheep  amboceptor  of  the  pa- 
tient's own  blood  are  used  than  they  are  when  the  guinea  pig  complement  and 
rabbit  antisheep  amboceptor  are  employed. 

SUMMARY. 

A  modification  of  the  Wassermann  test  is  described  which  employs  the  nat- 
ural complement  and  the  antisheep  amboceptor  of  the  patient's  own  serum  and  in 
which  there  is  no  preliminary  incubation  at  37°  C.  for  complement  fixation.  The 
method  has  been  fovmd  to  be  more  delicate  than  the  routine  Wassermann  test 
and,  according  to  the  results  so  far  obtained,  is  more  reliable.  It  is  not  advo- 
cated as  a  method  to  replace  the  routine  Wassermann  test,  but  one  to  be  given  a 
trial  paralleled  with  that  test  until  its  value  is  determined. 


MEASUREMENT  OF  THE  SPINAL  PUNCTURE  NEEDLE 


By  a.  Levinson,  M.D.,  Chicago,  III. 


IN  the  course  of  recent  research  on  spinal  fluid  it  was  thought  worth  while  to 
measure  the  part  of  the  needle  introduced  into  the  spinal  canal  for  spinal  punc- 
ture. Such  a  procedure  we  felt  would  enable  us  to  ascertain  whether  the  length 
of  the  needle  was  constant  at  different  ages,  and  whether  it  was  possible  to 
standardize  the  length — information  that  would  be  of  value  to  the  one  perform- 
ing the  puncture.  We  interested  ourselves  particularly  in  the  measurement  of 
the  needle  in  spinal  punctures  performed  on  children. 

In  consulting  literature  on  the  subject  very  little  mention  of  the  length  of 
the  needle  was  found,  the  only  tabulated  information  being  that  of  Quincke,  the 

Table  I 

Measurements  by  Quincke 

age  depth 

lYs  years  2.     cm. 

7      ■  "  2.5    " 

3.      " 
3.      " 

2.7  (3.5)  cm. 
3.2 
2         "  2.5 

VA    '•  2. 

25         "  1.5 

6. 

6.5  (4.7)     " 
39         "                                                         5  plus 
22  52 ^ 

originator  of  spinal  puncture  (Table  I).  Quincke,  however,  cites  only  a  few 
cases. 

In  measuring  the  spinal  puncture  needle  we  proceeded  as  follows : 

After  obtaining  a  good  flow  of  fluid  the  needle  was  removed  from  the  spinal 
canal.  It  was  grasped  between  the  thumb  and  the  index  finger  close  to  the 
patient's  skin,  and  pulled  out.  The  needle  was  then  measured  from  the  point 
held  by  the  fingers  to  the  tip,  expressing  the  measurements  in  centimeters. 

In  Table  IT  are  tabulated  the  measurements  of  the  needle  made  on  children 
ranging  from  four  months  to  twelve  years.  In  Table  III  are  tabulated  the 
measurements  of  the  needle  made  in  adults  of  various  ages.  Owing  to  lack  of 
space  we  are  including  but  a  few  of  several  hundred  measurements  made.  In 
cases  where  the  results  at  the  same  age  were  similar,  but  one  nieasurenUMit  is 
tabulated;  in  cases  where  they  were  dift'erent,  several  of  a  given  age  are 
tabulated.  In  some  cases  the  results  of  several  measurements  are  given  for 
the  same  patient  to  show  the  length  of  the  needle  at  dift'erent  punctures. 

As  is  seen  from  the  above  tables,  the  spinal  puncture  needle  shows  a  length 
varying  from  2.0  to  4.0  cm.  in  children  up  to  the  age  of  twelve,  and  a  length 
varying  from  4.1  to  10.0  cm.  in  patients  over  sixteen  years  of  age.  The  large 
variations    shown    in    the   adult    chart   may   be   attributed    to    several    factors. 
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Table  II 


Measurements  oe  Needle  in  Children 
name  age  length  oe  needle  in  cm. 


R.  R.  4  months  2.0 

R.  D.  5  "  2.2 

A.  J.  6  "  2.0 

A.  S.  6  "  2.3 

I.  G.  6  "  2.5 

E.  H.  7  "  2.5 

E.  G.  8  "  2.4 

E.  G.  9  "  2.2 
A.  C.  12  "  2.2 
S.  K.  12  "  2.0 
A.  N.  14  "  2.8 
A.  N.  14  "  2.5 
J.  S.  21  "  3.5 
M.  M.  22  "  3.0 
T.  K.  2  years  2.7 
T.  K.  2  "  2.1 
R.  P.  2  "       7  mos.  2.4 

F.  W.  3  "  4.0 
J.  M.  3  "  2.0 
M.  H.  3  "  2.8 
M.  K.  3  "  2.9 
McM.  4  "  3.2 
H.  4  "  2.9 
P.  O.  4  "  2.8 
W.  J.  5  "  3.2 
R.  L.  6  "  3.0 
A.    G.  7  "  4.0 

G.  M.  8  "  3.5 
S.  L.  8  "  3.5 
S.  B.  9  "  3.7 
S.  B.  9  "  3.4 
S.  B.  9  "  4.0 
E.  D.  9  "  3.8 
R.  A.  10  "  3.6 
L.  G.  12  "  3.2 
L.  G.  12  "  3.6 


Physique,  thinness  or  fat,  is  one  factor.  Another  factor  in  determining  varia- 
tions in  the  length  of  the  needle  is  the  direction  taken  by  the  operator  in  insert- 
ing the  needle;  an  oblique  insertion  naturally  requiring  a  greater  length  of 
needle  than  a  straight  insertion.  The  location  of  the  interspace  also  determines 
the  length  of  the  needle,  some  clinicians  using  the  space  between  the  2nd  and 
3rd  vertebrae  as  the  place  of  introduction,  and  others  the  space  between  the  1st 
and  2nd  vertebrae.  The  higher  the  point  of  insertion  the  greater  the  measure- 
ment of  the  needle.  Of  interest  is  the  fact  that  the  length  of  the  needle  varies 
at  different  punctures  in  the  same  patient.  This  is  due  to  the  fact  that  the  canal  is 
quite  wide  and  that  fluid  may  be  removed  whether  the  needle  is  near  the  an- 
terior or  near  the  posterior  surface  of  the  canal. 

CONCLUSION 

Although  it  is  difficult  to  establish  an  exact  standard  as  to  the  length  of  the 
needle  in  lumbar  punctures,  it  is  possible  to  gain  an  approximate  estimate  as  to 
the  measurement  of  the  needle  in  patients  of  different  ages.  Our  investigation 
showed  a  length  varying  from  2  to  2.5  cm.  in  children  under  one  year  of  age; 


Table  III 
■  Measurements   of   Needle  in  Adults 

NAME  age  length   OE   NEEDLE   IN   CM. 


S.  G. 

16  years 

T.  R. 

20 

C. 

25 

P. 

26 

K. 

27 

Mrs.  D. 

29 

L. 

29 

A.  C. 

30 

E. 

30 

D. 

30 

H. 

30 

E. 

30 

A.  C. 

30 

T. 

31 

J.T. 

31 

Mrs.  D. 

32 

A.  C. 

33 

L.  N. 

33 

M. 

34 

P. 

34 

S.  G. 

34 

S. 

34 

M. 

35 

M. 

35 

R. 

35 

H. 

36 

M.  W. 

37 

I.  G. 

37 

D. 

37 

S.  S. 

38 

T.  T. 

39 

S. 

40 

P. 

40 

M. 

40 

W. 

40 

R. 

40 

E. 

42 

W. 

43 

K. 

43 

M.  B. 

44 

J.  A. 

44 

W. 

44 

S. 

45 

F. 

46 

Mrs.  B. 

48 

M. 

48 

L. 

48 

S. 

52 

R. 

53 

B. 

53 

B. 

53 

H. 

54 

W. 

55 

S. 

55 

D. 

57 

A. 

57 

M.  R. 

60 

F. 

60 

K. 

60 

B. 

60 

S. 

61 

w. 

65 

5.4 
48 
5.0 
5.3 
5.8 
4.9 
5.5 
5.6 
4.5 
5.4 
5.2 
5.8 
5.6 
5.5 
10.0  (very  fat) 
5.1 
4.1 
5.1 
5.1 
5.2 
4.5 
4.6 
5.7 
4.8 
5  5 
4.1 
5.3 
5.5 
5.9 
5.0 

7.0  (very  fat) 
6.0 
6.4 
4.9 
5.0 
6.4 
5.0 
6.3 
4."5 
4.9 
5.8 
5.5 
5.5 
4.9 
4.9 
5.3 
5.5 
5.2 
5.1 

10.0  (very  fat) 
6.0 
5.2 
5.3 
6.7 
5.4 
5.6 
4.1 
5.9 
6.0 
5.9 
5.9 
8.0 
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2.0  to  3.5  cm.  in  children  between  one  and  two  years  of  age;  2.0  to  4.0  cm.  in 
children  two  to  four  years  old ;  2.8  to  4.0  in  children  four  to  seven  years  old, 
and  3.2  to  4.0  in  children  7  to  12  years  old.  After  the  age  of  sixteen,  the 
variation  ranged  from  4.1  to  10  cm.,  the  greatest  number  running  between  4.5 
and  5.8  cm. 


A  DEVICE  FOR  ACCURATE  PIPETTING^ 


By  Leonard  R.  Thompson,  B.  S.,  Napa,  Calif. 


THE  apparatus  consists  of  a  large  syringe,  two  stands,  one  burette  clamp,  one 
spring  clamp  of  a  special  kind,  a  clamp  attachment  to  fasten  the  spring 
clamp  to  a  stand,  and  various  types  of  pipettes. 

The  syringe  should  be  one  of  20  or  25  c.c.  capacity,  and  preferably,  although 
not  necessarily,  one  with  a  heavy,  solid  glass  piston.  The  piston  must  fit  the 
barrel  of  the  syringe  well.  The  piston,  just  previous  to  use,  is  covered  with 
a  thin  coat  of  vaseline  to  insure  smoothness  of  movement,  and  to  keep  it 
stationary  when  so  desired.  On  the  nipple,  ordinarily  used  for  attaching  a 
needle,  is  placed  a  short  piece  of  rubber  tubing  of  good  quality,  and  about  one 
and  one-half  inches  in  length. 

The  syringe  is  fixed,  by  means  of  the  burette  clamp,  to  one  stand  in  hori- 
zontal position.  This  stand,  unless  it  has  a  heavy  base,  should  be  weighted  to 
steady  the  apparatus.  The  mouth  end  of  the  pipette  is  inserted  securely  into 
the  rubber  tubing.  The  end  of  the  pipette  is  best  when  tapered,  as  shown  in 
the  accompanying  illustration,  to  facilitate  slipping  it  into  the  rubber  tube. 
The  pipette  is  clamped  securely  to  the  other  stand  in  a  vertical  position  by 
means  of  the  spring  clamp.  This  clamp  may  be  easily  made  of  two  pieces  of 
wood,  and  a  strong  rubber  band.  The  jaws  are  toothed  to  hold  the  pipette 
more  firmly,  and  they  are  beveled  at  the  end  to  make  it  easier  to  slip  the  pipette 
in.  The  diagram  explains  its  simple  construction.  The  rubber  connection 
between  pipette  and  syringe  must  be  perfect,  otherwise,  the  pipette  will  not 
hold  the  fluid.  The  pipettes  used  may  be  of  a  variety  of  types,  varying  from 
small  capillary  pipettes  to  large  graduated  pipettes. 

The  apparatus  is  operated  in  the  following  manner :  The  piston  is  pushed 
in  to  within  a  short  distance  of  its  entire  length,  but  not  its  entire  length.  The 
fluid  to  be  measured  is  brought  to  the  pipette  tip,  and  the  plunger  of  the  syringe 
drawn  out  until  the  desired  amount  of  fluid  is  in  the  pipette.  The  fluid  is  then 
delivered  in  the  required  amounts  into  the  receptacles  placed  under  the  pipette, 
by  revolving  the  piston  on  its  long  axis  and  at  the  same  time  gently  pushing  in- 
ward. With  this  arrangement  perfect  control  of  the  quantity  to  be  delivered  is 
secured. 

The  WTiter  finds  the  apparatus  to  be  very  useful  in  performing  the  Wasser- 
mann  test,  the  Widal  test,  and  other  work  in  which  accurate  measurements  of 

*From  the  Napa  State  Hospital,  Napa,  Calif. 
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small  and  large  quantities  are  necessary.  In  the  Wassermann  test,  one-tenth 
cubic  centimeter  quantities  of  serum  are  delivered  with  the  greatest  ease  and 
accuracy.  If  the  pipettes  are  tapered  at  the  mouth  end,  they  may  be  changed 
with  great  rapidity  so  that  there  is  no  time  lost  in  this  process.  The  device 
has  the  advantage  of  delivering  with  ease  the  reagents  directly  into  the 
bottom  of  the  tube.  It  is  easily  controlled,  because  the  pipette  is  always  in  a 
position  where  a  perfect  view  of  it  may  be  had.  This  is  important  in  withdraw- 
ing serum  from  small  quantities  of  blood. 

The  writer  uses  a  graduated  ten   cubic   centimeter  pipette   for   delivering 
complement,  salt  solution,  cells,  and  amboceptor.     By  this  means  these  reagents 


A  device  for  accurate  pipetting.  A,  rubber  tubing;  B,  toothed  jaw  of  wooden  spring  clamp; 
C,  stout  rubber  band;  D,  capillary  pipette  with  sloping  end  for  insertion  in  rubber  tube,  A;  E,  beveled 
end   of   pipette   for   easy   insertion   in   tube,  A. 

are  delivered  in  the  desired  amounts  accurately  and  rapidly.  The  following  il- 
lustrates the  usefulness  of  the  apparatus  in  Widal  tests.  Recently  the  writer 
desired  to  deliver  one  capillary  drop  of  serum  to  each  of  twelve  tubes  from  a 

ij  quantity  of  fourteen  such  drops.     The  twelve  drops  were  delivered  with  two 
drops  remaining  in  the  capillary  pipette. 

It  is  hardly  necessary  to  point  out  that  the  use  of  this  apparatus  removes 
the  disagreeable  task  of  pipetting  syphilitic  serum,  typhoid  cultures,  chemicals, 

,  I  and  the  like,  by  means  of  the  mouth  method. 


AN  INEXPENSIVE  COLORIMETERS 


By  J.  A\'.  W'^iR,  Oklahoma  City,  Okla. 


THE  colorimeter  described  was  constructed  because  of  the  demand  in  our 
laboratory  for  an  instrument  that  would  be  capable  of  giving  accurate 
figures  and  yet  would  allow  of  more  rapid  manipulation  than  the  types  now  be- 
ing sold.  It  can  be  constructed  by  any  person  who  can  handle  tin  shears  and 
a  soldering-iron,  while  its  accuracy  is  essentially  a  question  of  the  accuracy 
with  which  the  standards  are  constructed. 

The  instrument  consists  of  a  metal  box,  containing  an  illuminating  globe 
at  one  end  in  front  of  which  is  placed  a  sheet  of  ground  glass  to  dififuse  the 
light.  The  samples  are  placed  in  front  of  opening  A  through  a  hole  provided 
in  the  top  of  the  box.  A  rack,  containing  standard  bottles,  slides  through  open' 
ings  provided  in  the  sides  of  the  box,  and  passes  before  opening  B. 
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The  light  rays  passing  through  bottles  in  front  of  A  and  B  are  reflected 
from  mirror  surfaces  onto  ground  glass  C.  These  mirrors  are  separated  by  a 
metal  partition  X  which  also  serves  to  divide  C  into  two  surfaces.  A  metal 
extension  surrounds  the  ground  glass  C  in  order  to  eliminate  external  light 
rays.  Colors  produced  in  a  sample  can  be  matched  very  accurately  by  the  stand- 
ards, since  the  two  illuminated  fields  are  so  close  together.  Also,  the  eye  is  not 
confused  by  a  multiplicity  of  standards  being  in  the  range  of  vision  at  one  time. 

A  pointer  Y  is  soldered  to  the  side  of  the  box  and  indicates  numerals  on 
the  side  of  the  standard  rack  which  express  the  value  of  the  standard  bottle  in 

*From  the   Clinical   and  Research   Laboratories   of   the   Wesley   Hospital,   Oklahoma   City,   Okla. 
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front  of  the  opening  B.  This  allows  a  quick  determination  of  just  which  stand- 
i  ard  is  in  position  within  the  box.  It  will  be  found  necessary  to  place  an  extra 
sheet  of  ground  glass  in  front  of  sample  at  opening  A  since  the  rays  passing 
through  this  opening  traverse  less  space  in  reaching  the  ground  glass  C.  This 
additional  piece  of  ground  glass  should  be  adjusted  to  or  from  the  source  of 
illuminaticn  until  both  halves  of  ground  glass  C  are  evenly  illuminated. 

We  are  using  this  instrument  in  the  determination  of  blood  and  urine 
sugar,  creatinine,  alkali  reserve ;  also  in  the  preparation  of  standard  strength 
vaccines;  in  fact,  for  any  work  in  which  the  standards  are  transparent  enough 
to  pass  light  rays.  The  standards  in  each  case  were  prepared  from  known  solu- 
tions of  the  material  to  be  determined,  and  were  then  matched  by  inorganic 
coloring  materials  in  order  that  a  permanent  standard  be  obtained.  For  in- 
stance, potassium  bichromate  solutions  are  used  to  simulate  the  color  reactions 
produced  by  creatinine.  The  standard  racks  are  constructed  to  carry  the  num- 
ber of  standard  bottles  which  will  cover  the  possible  range  which  is  to  be  found 
in  the  materials  tested.  The  instrument,  as  constructed  by  us,  uses  two  cubic 
centimeters,  vaccine  ampules,  these  giving  approximately  one-half  inch  of  fluid 
for  comparison. 
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EDITORIALS 


Disordered  Action  of  the  Heart  Among  Soldiers 

THE  British  Medical  Research  Committee  has  issued  a  report  upon  this  sub- 
ject prepared  by  Lewis,  the  expert  on  the  heart.  The  urgent  need  for  the 
services  of  every  fit  man  in  the  war  has  apparently  led  to  a  close  study  of  dis- 
turbances of  the  heart's  action  as  disqualifying  men  for  military  duty.  To  tell 
anyone,  and  especially  a  soldier,  that  he  has  heart  disease  or  even  a  functional 
disorder  of  this  organ,  is  likely  to  disturb  his  equilibrium  and  impair  his  effec- 
tiveness. British  army  ofificers  have  been  in  the  habit  of  labeling  their  cases 
D.A.H.  (disordered  action  of  the  heart)  or  V.D.H.  (valvular  disease  of  the 
heart),  but  these  symbols  do  not  deceive  Tommy  Atkins,  and  often  mislead  his 
physicians  because  they  do  not,  in  a  large  proportion  of  cases,  give  a  correct  idea 
of  the  true  condition.  It  will  be  remembered  that  as  long  ago  as  our  Civil  War, 
medical  officers  used  the  indefinite  designation  of  "irritable  heart,"  which  has 
been  continued  more  or  less  in  civil  life. 

British  medical  officers  now  propose  the  term  "effort  syndrome,"  which 
is  found  in  a  variety  of  pathologic  states,  as  in  early  heart  disease,  in  early  tuber- 
culosis, and  in  exophthalmic  goiter.  But  it  is  also  found  with  much  greater 
frequency  in  soldiers  without  signs  of  structural  change  in  any  organ.     Refer- 
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ence  to  the  heart  prejudices  not  only  the  treatment  of  the  soldier,  but  to  a  large 
degree,  his  return  to  duty. 

The  "effort  syndrome"  comprises  the  following  symptoms,  stated  in  the 
order  of  their  importance:  (1)  Breathlessness,  exaggerated  by  exercise  or  emo- 
tion, is  a  constant  symptom.  Occasionally  it  is  manifest  at  rest,  rarely  in 
paroxysms.  (2)  Pain  is  not  constant,  but  frequent,  varying  in  degree  from 
precordial  discomfort  to  anginal  in  character  and  distribution ;  especially  intensi- 
fied by  exercise.  (3)  Exhaustion,  usually  provoked  by  sustained  effort,  is  an 
almost  constant  symptom.  It  is  in  excess  of  that  due  to  fatigue  in  healthy  men. 
It  may  be  a  continuous  symptom,  and  it  is  not  only  physical,  but  mental.  (4) 
Giddiness  is  almost  constant  and  is  associated  with  change  of  position  and  in- 
creased effort.  Fainting  is  less  common  and  owes  its  chief  importance  to  its 
incapacitating  effect.      (5)    Palpitation  is  frequent,  especially  during  and  after 

f' increased  effort.  (6)  Headache  is  frequent,  of  the  frontal,  throbbing  type,  and 
often  severe  after  increased  effort.  (7)  Lassitude,  even  at  best,  is  often  present, 
while  coldness  of  hands  and  feet  and  swelling  of  the  extremities  and  excessive 
perspiration  of  the  body  are  common.  (8)  Irritability  of  temper,  sleeplessness, 
shakiness,  and  flushing  are  common,  especially  the  three  last  named.  A  disin- 
clination to  take  alcohol  in  any  form,  sometimes  for  conscientious  reasons,  but 
as  commonly  from  distaste,  is  a  frequent  and  remarkable  association. 

The  signs  found  on  examination  are  equally  distinctive  and  are  as  follows : 
(1)  Increased  heart  rate  is  observed  under  all  circumstances,  but  the  char- 
acteristic fact  is  that  the  increase  under  emotion,  exercise,  and  posture  is 
greater  than  in  normal  subjects.  (2)  The  systolic  pressure  is  unduly  increased 
by  exercise  or  emotion.  (3)  Diffusion  of  the  apex  beat  to  several  rib  spaces  and 
forcible  or  jerky  impulses  are  frequent,  as  is  also  concentration  of  the  heart 
rounds.  (4)  Intermittence  of  the  heart  or  irregularity  accompanying  respira- 
tion, especially  when  deepened,  is  not  uncommon.  (5)  Temperature  charts  for 
the  most  part  are  normal,  but  slight  and  fleeting  elevations  as  high  as  99.5°  or 
even  100°  are  not  rare.  (6)  Exercise  causes  exaggerated  respiration.  (7)  The 
palms  and  soles  are  frequently  wet  and  cold,  while  tremor  of  the  hands  is  the 
rule.  (8)  The  urine  is  strongly  acid  and  frequently  deposits  oxalates  on  cool- 
ing.    (9)  The  capillary  leucocytic  count  is  high. 

Cardiovascular  experts  sort  out  their  cases  as  follows:  In  a  preliminary 
examination  the  following  groups  are  eliminated  as  unfit  for  service:  (a)  Those 
in  whom  signs  of  pulmonary  tuberculosis  or  frank  exophthalmic  goiter  arc  dis- 
covered, (b)  Those  who  present  unmistakable  signs  of  heart  disease;  namely, 
instances  of  well-defined  initial  stenosis,  aortic  regurgitation  or  aneurysm;  in- 
stances in  which  there  is  an  appreciable  displacement  of  the  heart's  apex  beat 
to  the  left;  instances  in  which  tliere  is  a  grave  form  of  cardiac  irregularity. 

In  regard  to  cardiac  murmurs,  the  following  statements  arc  made:  "When 
a  soldier  ])resents  the  characteristic  low  pitched  rumbling  nuirnuir  in  diastole 
and  at  tlie  apex  beats,  or  when  an  early  diastolic  nuiniiur.  maximal  at  the  le\xl 
of  the  second  costal  cartilage,  is  associated  with  the  water-hammer  pulse,  then, 
by  common  consent,  he  is  unfit  for  duty.  Instances  of  systolic  murmurs  at  base 
of  apex  can  not  be  treated  similarly.     In  the  absence  of  other  disciuahfying  signs 
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or  symptoms  it  is  wise  entirely  to  neglect  such  murmurs  in  soldiers.  This  con- 
clusicn  is  at  variance  with  much  current  teaching,  and  the  reasons  for  insist- 
ence upon  are,  therefore,  given  in  full:  (a)  Systolic  murmurs  at  base  of  apex 
indicate  valvular  lesions  only  exceptionally;  there  is  no  conformity  of  opinion 
as  to  the  character  or  conduction  of  systolic  murmurs  indicating  valvular  lesion, 
(b)  The  extent  of  mitral  valve  damage  which  produces  a  systolic  murmur  alone 
is  relatively  slight;  the  disease  is  often  limited  to  the  valve,  the  heart's  muscle 
which  is  the  essential  part  of  the  organ  being  wholly  undamaged,  (c)  Patients 
who  are  invalided  on  the  ground  of  systolic  murmurs  alone  are  subsequently 
found  when  tested  to  be  fit  for  active  service  in  nearly  all  instances.  A  large 
number  of  men  who  present  such  rnurmurs  are  known  to  have  passed  the  most 
severe  ordeals  of  active  service  without  accident,  (d)  If  a  group  of  patients 
who  present  no  murmurs  and  a  similar  group  in  whom  systolic  murmurs  exist 
are  tested  in  regard  to  efficiency  in  work,  no  difference  is  to  be  found  in.  the 
capacity  of  the  two  groups.  The  estimate  of  fitness  or  unfitness  for  service  can 
be  gauged  with  considerable  accuracy  without  reference  to  such  murmurs ;  as 
soon  as  murmurs  of  systolic  time  are  taken  into  consideration  the  issue  becomes 
confused. 

Auscultation  is  the  least  valuable  method  employed  in  sorting  soldiers  suf- 
fering from  cardiovascular  derangements;  the  sorting  can  almost  always  be 
eff^ected  without  its  aid. 

With  reference  to  cardiac  enlargements,  the  following  is  given :  "An 
appreciable  increase  of  dullness  to  the  left  of  the  sternum,  a  strong  impulse  be- 
yond the  nipple  line,  are  the  most  satisfactory  guides  to  enlargement.  An  exten- 
sion of  the  impulse  to  several  rib  spaces  is  emphatically  unreliable  as  a  sign  of 
cardiac  dilation  (as  tested  by  accurate  x-ray  measurements).  In  estimating  the 
size  of  the  heart,  allowance  for  the  weight  of  the  man  should  be  made.  Enlarge- 
ment, when  discovered,  is  a  clear  indication  of  future  incapacity."  Concerning 
cardiac  irregularities  the  following  is  said :  "Intermittence  of  the  pulse  and 
regular  groupings  of  the  pulse  beats  should  not  be  taken  into  account ;  they  are 
not  physical  signs  of  heart  disease  and  do  not  incapacitate.  The  only  irregularity 
of  consequence  in  soldiers  is  a  persistent  irregularity  of  a  very  disorderly  type, 
which  does  not  disappear  when  the  heart  is  accelerated  during  or  immediately 
after  exercise.  As  to  the  detection  of  early  heart  disease,  the  following  state- 
ment is  made :  "The  fear  of  overlooking  early  heart  disease,  and  the  widely  felt 
difficulty  of  its  diagnosis  is  chiefly  responsible  for  hesitancy  in  dealing  with  the 
men,  and  for  blunders  in  classing  them  for  duty  and  discharge.  Here  again 
actual  experience  is  the  only  safe  guide.  It  may  be  taken  as  an  axiom  that 
no  soldier,  who  is  free  from  symptoms  on  duty,  has  an  affection  of  the  heart 
which  incapacitates  him,  and  this  axiom  may  be  adopted  irrespective  of  any 
unusual  sign  found  in  the  heart.  Now,  actual  heart  diseases  in  young  soldiers, 
in  the  absence  of  a  history  of  rheumatic  fever  or  syphilis  is  a  comparative  rarity. 
When  there  is  a  histoiy  of  rheumatic  fever,  and  especially  when  symptoms  date 
from  rheumatic  fever,  the  question  of  diagnosing  a  heart  lesion  need  only  rarely 
arise;  for,  whether  it  exists  or  not,  the  history  and  symptoms  alone  will  almost 
always  declare  incapacity;  it  is  a  matter  of  experience  that  these  men  rarely  re- 
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turn  to  active  service,  and  if  they  return,  the  subsequent  stay  in  hospital  will 
greatly  outweigh  the  duration  of  duty  performed.  In  regard  to  syphilis,  it  is 
reasonable  that  among  those  who  exhibit  signs  and  symptoms  of  the  syndrome 
considered,  a  history  of  syphilis  or  a  positive  complement-fixation  test  is  very 
rare.  Venereal  diseases,  like  alcoholism,  is  conspicuous  by  its  absence  from  the 
histories  of  these  soldiers.  When  the  first  sorting  has  been  accomplished  upon 
the  lines  indicated,  any  further  attempt  to  diagnose  organic  disease  of  valves  or 
muscles  should  not  be  attempted,  for,  if  attempted,  it  will  in  the  best  of  hands 
prove  unprofitable;  in  inexpert  hands  it  will  often  prove  disastrous." 

||  A  second,  rapid  sorting  leads  to  the  elimination  of  the  following  groups : 
(1)  Those  in  whom  the  onset  of  symptoms  dates  from  rheumatic  fever,  or  in 
whom  there  has  been  recurrent  rheumatic  fever.  (2)  Those  in  whom  breath- 
lessness  on  exertion  is  found  to  be  persistently  severe.  (3)  Those  in  whom  pre- 
cordial pain  prevents  exercise.  (4)  Those  with  a  persistently  high  pulse  rate 
(120  or  above),  even  when  recumbent.  (5)  Those  in  whom  a  single  exercise 
test,  such  as  ascending  30  steps,  produces  objective  signs  of  distress,  an  anxious 
expression,  a  respiratory  rate  of  35  or  over  which  persists  while  the  patient  lies, 
or  a  pulse  rate  which  fails  to  fall  within  five  beats  of  the  pre-exercise  level  in 
Iving  for  two  minutes.  (6)  Those  in  whom  the  symptoms  are  moderate,  but 
have  teen  of  many  years'  duration.  This  class  includes  those  who  pass  up 
games  in  school  or  who  left  heavy  work  in  civil  life  on  account  of  symptoms. 
A  final  sorting  follows  subjecting  the  men  to  graduated  exercise  and  ob- 
serving the  efifect.  "That  a  man's  observed  capacity  to  accomplish  work  of  a 
given  order  is  the  only  dependable  test  of  such  capacity  would  seem  self-evident; 
;  yet  it  is  the  experience  that  medical  officers  rely  more  upon  physical  signs  ob- 

!   tained  while  the  subject  is  at  rest.     A  final   sorting  can  not  be  accomplished 
efficiently  in  this  manner.     In  selecting  a  candidate  for  a  post  as  typist,  it  is  not 
:  only  by  questionings,  it  is  not  by  examining  the  configuration  of  the  hands  or 
■  the  electrical  response  of  the  muscles  that  the  desired  knowledge  of  deftness  and 
j  accuracy  in  working  is  to  be  obtained.    The  decisive  test  is  an  exercise  upon  the 
machine  which  will  be  used.     It  is  true  that  specific  anatomic  defects  may  divulge 
incapacity;  but  it  is  equally  true,  on  the  one  hand,  that  anatomic  imperfections 
do  not  necessarily  unfit;  and,  on  the  other  hand,  that  seeming  anatomic  per- 
fection is  no  criterion  of  manipulation,  power,  or  skill.     The  heart  provides  no 
exception  from  these  clearly  sound  propositions." 

—V.  C.  V. 


Tuberculosis  and  the  Army 

IT  is  stated  that  since  1865  the  death  rate  from  tuberculosis  has  fallen  with 
almost  ever  increased  velocity.  Cobbett'  states  that  irregularities  have 
occurred  owing  to  fluctuations  in  the  conditions  of  life  favorable  or  unfav()ra])le 
to  consumptive  persons.  In  favorable  i)eriods  many  consumptives  may  span 
their  lives  a  few  years  further,  wiiercas  in  unfavorable  times  these  lives  will  be 
shortened.     An  extreme  incident  of  this  is  ([uoted  by  C()I)bt'lt  as  ociuninij  dur- 
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ing  the  siege  of  Paris  in  1870-1871.  There  was  an  enormous  mortality  from 
tuberculosis  during  this  period.  A  temporary  fall  from  1872  to  1880  followed 
this  rise.  The  death  rate  from  tuberculosis  in  Paris  only  in  1880  again  reached 
the  height  it  had  averaged  before  the  siege  (1865-1880). 

Such  history  it  would  appear  is  being  repeated  on  a  colossal  scale  in  France 
during  the  present  conflict.  Biggs,-  in  an  excellent  account  of  his  French  in- 
vestigations for  the  Rockefeller  Foundation,  has  described  the  acceleration  in 
the  consumptive  death  rate  due  to  the  severity  of  modern  warfare  on  troops 
none  too  carefully  selected  at  its  onset.  France  has  always  neglected  her  tuber- 
culosis problems,  and  her  death  rate  before  the  war  from  this  disease  was  three 
times  as  great  as  that  of  England,  which  has  the  lowest  tuberculosis  rate  of  any 
great  countrv\  In  Paris,  as  an  example,  one  in  every  four  deaths  was  certified 
as  due  to  tuberculosis. 

The  study  of  data  from  the  siege  of  Paris  and  data  collected  by  Biggs 
further  strengthens  the  conception,  so  well  expounded  by  Bushnell,"  Baldwin,* 
Fishberg^  and  others  in  this  countiy,  that  pulmonary  tuberculosis  originates  from 
bacilli  already  planted  in  the  individual,  rather  than  from  tubercle  bacilli  from 
without  or  from  another  consumptive.  As  Krause®  has  so  well  expressed  it,  an 
individual  is  as  safe  against  tuberculosis  as  the  strength  of  the  "capsule"  or 
"shell"  of  the  tubercle  already  planted  in  his  body. 

Stress,  strain,  exhaustion,  and  various  infections  can  so  weaken  this  de- 
fensive capsule  that  large  or  small  numbers  of  tubercle  bacilli  may  become  dis- 
tributed in  a  hypersensitized  system  and  can  then  overwhelm  or  sicken  the 
victim. 

Probably  as  a  result  of  the  experience  of  France  our  Surgeon-General  has 
wisely  distributed  Tuberculosis  Boards  composed  of  experts,  to  examine  all  men 
in  the  United  States  Army,  National  Guards,  and  Drafts.  Such  boards  are,  we 
understand,  finding  that  about  one  per  cent  of  the  soldiers  have  somewhat  ad- 
vanced pulmonary  tuberculosis,  and  about  four  per  cent  have  quiescent  pul- 
monary lesions.  If  five  thousand  such  men  are  disqualified,  out  of  an  army  of 
half  a  million,  great  good  will  be  done  for  these  men  and  also  for  the  govern- 
ment. The  four  per  cent  of  men  with  inactive  lesions  will  probably  continue 
in  service,  and  time  will  tell  of  their  future. 

It  is  very  doubtful  if  medical  science  can  yet  boast  of  great  refinement  in 
the  art  of  diagnosis  of  pulmonary  tuberculosis.  In  other  words,  no  method  is 
yet  available  for  estimating  the  strength  of  the  "capsule"  in  the  tuberculizable. 
Physique  is  a  poor  criterion,  for  we  all  know  how  athletes  and  robust  looking 
men  can  quickly  succumb. 

Soldiers  with  advanced  lesions,  who  are  now  being  weeded  out,  can  often 
be  detected  with  little  physical  examination;  at  times,  merely  by  inspection. 
There  will  undoubtedly  be  more  than  the  four  per  cent,  marked  with  slight 
lesions,  who  will  suffer  from  tuberculosis  in  the  next  few  years,  and  many  so 
listed  will  not  succumb.  In  peace  times  with  a  standing  army  of  about  seventy- 
five  thousand  men.  Fort  Bayard  is  usually  full  with  a  quota  of  four  hundred 
odd  consumptives.  What  will  be  the  result  on  our  troops  from  the  stress  of 
trench  warfare  can  not  yet  be  foretold.     England  brought  her  army  together 
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f  slowly  and  carefully,  and  it  is  understood  that  so   far  no  serious  numbers  of 

I  tuberculous  men  are  being  cared  for.     Canada  has  had  about  one  per  cent  of 

her  men  returned  with  active  disease.     The  outbreak  of  pulmonarx^  tuberculosis, 

which  must  occur  in  the  United  States  Army,  will  be  watched  with  more  than 

usual  interest  during  the  next  few  years. 

BIBLIOGRAPHY 

iCobbett:     The  Causes  of  Tuberculosis,  Cambridge,  1917. 

2Biggs:     The  War  Tuberculosis  Problem  for  the  Nation.  Am-  Review  Tuberc,  July,  1917. 

sBushnell:     Mil.   Surgeon,   1913. 

^Baldwin:     The  Consumptive  and  His  Neighbors,  The   Survey,   1917. 

spishberg :     Pulmonary  Tuberculosis,   1916. 

«Krause:     The  Nature  of  Resistance  to  Tuberculosis,  Am.  Review  Tuberc,  April,  1917. 

—G.    B.    ]V. 


Lymphocytes  and  Cancer 

IN  recent  editorials  we  have  reviewed  the  theory  and  experiments  of  Murphy^ 
and  his  collaborators  on  the  function  of  the  lymphocyte  in  cancer  and  tuber- 
culosis. Murphy,  it  will  be  remembered,  considers  the  lymphocyte  an  important 
factor  in  the  resistance  of  the  individual  to  both  these  diseases,  and  his  experi- 
mental work,  and  that  of  his  colleagues  has  seemed  quite  convincing.  Never- 
theless, the  recent  reports  of  Sittenfield  and  Stevenson  cast  some  doubt  upon  the 
valuable  activities  of  these  cells  of  lymphoid  type. 

Sittenfield^  concludes,  from  his  experiments,  that  a  high  degree  of  lympho- 
cytosis, caused  either  by  subcutaneous  injections  of  pilocarpin  or  by  intravenous 
introduction  of  leucocytic  cream  from  rats  that  had  received  stimulating  doses 
of  x-ray,  affords  neither  a  protective  nor  a  defensive  mechanism  against  tumor 
inoculation.  He  also  says  that  naturally  immune  rats,  subjected  to  repeated 
doses  of  x-ray  which  caused  a  very  low  lymphoid  cell  content  of  the  blood, 
remained  refractory  to  the  Flexner-Jobling  tumor ;  and  further,  he  states,  neither 
increase  nor  decrease  of  the  lymphoid  elements  in  the  blood  had  any  influence 
upon  either  resistance  or  susceptibility  to  tumor  growth. 

It  had  been  noticed  in  the  earlier  experiments  of  Murphy  that  tumor  cells 
,i,a-ew  well  in  embryos  during  the  period  before  the  appearance  of  cells  of  the 
lymphoid  type.  It  was  this  observation  which  led  to  the  later  series  of  experi- 
ments. But  now  comes  Stevenson,^  who,  after  a  series  of  experiments,  concludes 
that  all  the  tumors  he  used  grew  without  hindrance  in  the  chick  embryo  in  the 
presence  of  adult  chicken  spleen. 

As  is  too  often  the  case,  there  now  exist  two  series  of  researches,  dealing 
with  the  same  problem,  and  diametrically  opposed  to  one  another.  It  may  be 
that  both  are  true.  It  may  be  that  the  methods  of  handling  the  tissues,  or  the 
time  relations  in  the  two  series  of  experiments  are  es.sential  in  giving  such  dif- 
ferent results.  It  is  possible  that  the  lymphocytic  reaction  in  cancers  is  totally 
extraneous,  so  far  as  the  resistance  reactions  of  the  hosts  are  concerned,  and 
that  the  basic  fact  is  one  which  concerns  the  physicochemical  state  of  the  inocu- 
lated material.     The  work  of  Novy*  opens  new  fields  when  one  is  dealing  with 
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colloids.  In  this  connection  one  might  recall  the  fact  that  sterile  filtrates  of 
Rous'  chicken  sarcoma  cause  tumors,  and  that  this  phenomenon  leads  Ewing^ 
to  believe  that  in  that  instance  one  is  dealing  with  a  chemically  transmissible 
virus. 
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STUDIES  ON  CHOLESTEROL 


IV.  Experiments  Concerning  the  Relation  of  the  Diet,  the  Blood 
Cholesterol,  and  the  "Lymphoid  Defense" 


By  Georgine  Luden,  M.D.,  Rochester,  Minn. 


TN  a  series  of  experiments  on  mysel'f  made  between  June  17  and  Dec.  30,  1916,  1 
^  was  able  to  observe  a  close  relation  as  well  as  a  reciprocal  action  between  the 
diet,  the  blood  cholesterol,  and  the  lymphocytic  reaction  or  "lymphoid  defense." 
The  term  "lymphoid  defense"  was  chosen  in  reference  to  the  observations  of 
Murphy  and  Morton,  who  found  that  animals  on  which  cancer  transplants  did 
not  "take"  showed  up  to  a  200  per  cent  increase  in  the  lymphocyte  count  of  their 
blood,  while  those  not  endowed  with  this  natural  resistance  showed  no  such 
increase.  When  the  lymphoid  tissues  were  injured  or  partly  destroyed  by  means 
of  roentgen  ra5^s  100  per  cent  of  "takes"  could  be  obtained.  The  term  "lymphoid 
defense"  will  be  used  in  this  paper  to  represent  the  combined  percentages  of  the 
small  and  the  large  lymphocytes  in  the  differential  counts.  The  transitionals 
have  not  been  included,  as  hematologists  do  not  agree  concerning  the  place  that 
should  be  assigned  to  them  in  the  classification  of  the  blood  cells,  though  they 
may  play  a  part  in  the  reaction  against  malignant  proliferation.  "Grawitz  considers 
transitionals  to  be  the  prototypes  of  the  polymorphonuclear  neutrophil  leucocytes, 
Simon  classifies  them  with  the  large  lymphocytes,  and  Ziegler"^  looks  upon  them  as 
closely  allied  to  lymphoid  myelocytoid  cells. 

The  relation  observed  between  tlic  diet,  llic  blixxl  cliolcstcro],  and  tlic 
lymphoid  defense  suggested  that  l)cnc'ficial  rcsulls  nii^lit  he  olttaincd  from  dietary 
measures  different  from  those  we  arc  accustomed  to  take  into  account.  The 
practical  importance  of  this  relation  may  be  gathered  from  tlic  following 
considerations : 

•From  the  Mayo   Clinic,   Rochester,  Minn. 
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Murphy  and  ]\Iorton  state  that  the  "lymphoid  crisis"  which  they  describe 
is  to  be  considered  "not  merely  an  accompan3ang  factor  in  the  immune  period, 
but  essential  to  the  process."  In  other  words,  the  lymphocytic  reaction  appears 
to  be  one  of  the  body's  natural  means  of  defense  against  malignant  proliferation. 
This  assumption  seems  to  be  corroborated  by  Stevens'  recent  observations  on  a 
.  reactive  lymphocytosis  induced  by  roentgen  rays  and  followed  by  improvement  in 
cases  of  malignant  growth.  The  fact  that  "lymph  gland  extract"  is  being  tried 
against  malignant  tumors  and  conditions  marked  by  new  growth  of  tissue,  also 
tends  to  show  that  Morton  and  Murph3''s  interpretation  of  the  lymphocytic  reac- 
tion is  gaining  acceptance  in  medical  circles. 

The  physiologic  activity  of  cholesterol  and  the  cholesterol  content  of  the 
blood  have  been  the  object  of  a  great  number  of  recent  investigations  as  regards 
their  relation  both  to  normal  growth  and  to  various  pathologic  conditions,  by 
Robertson,*^  Browder,  Luden,"^*^  Robertson  and  Burnett,^^  Rothschild,*-'  *"'  **'  *^ 
Bloor,^'  *'  ^'  ^  and  others.  Luden^^  has  called  especial  attention  to  the  effect  of 
cholesterol  retention  on  cell  proliferation. 

The  influence  of  the  diet  on  the  cholesterol  content  of  the  blood,  which  had 
been  studied  previously  in  animals  because  of  its  relation  to  arteriosclerosis  by 
McMeans,  Saltykow  and  others,  or  its  relation  to  the  function  of  diverse  organs 
(the  adrenals,  Krylow,  Sternberg;  the  spleen,  Soper;  the  liver,  Chalatow, 
Rothschild,  and  others)  has  lately  been  given  a  clinical  application  by  Rothschild 
in  his  work  on  the  dietetic  management  of  hypercholesterinemia  in  cases  of 
cholelithiasis.  This  work  shows  that  dietary  measures  calculated  to  reduce  the 
blood  cholesterol  will  relieve  the  symptoms  of  a  group  of  patients  to  whom 
cholecystectomy,  and  often  secondary  operations  have  brought  only  temporary 
relief. 

So  far  as  the  writer  is  aware,  the  relation  between  the  diet,  the  lymphoid 
defense,  and  the  cholesterol  content  of  the  blood  has  never  been  studied,  yet  the 
deduction  seems  admissible  that  dietary  measures  calculated  to  reduce  the  blood 
cholesterol  while  stimulating  the  lymphocytic  reaction  might  prove  as  beneficial 
in  cases  of  carcinoma  before  and  after  operation  as  the  regulation  of  the  diet 
in  cases  of  chronic  hypercholesteremia  after  cholecystectomy.  The  good  results 
obtained  by  postoperative  treatment  of  malignant  growths  with  radium  and 
roentgen  rays  are  well  known,  and  Stevens'  observations  suggest  that  these  results 
may  be  due  to  the  lymphocytic  reaction  induced  by  the  rays.  In  a  small  number  of 
cases  which  the  writer  has  had  the  opportunity  to  study,  both  radium  and  the 
roentgen  rays  appeared  to  increase  the  lymphocyte  count  while  they  lowered  the 
cholesterol  content  of  the  blo.od.  The  latter  observation  was  reported  also  by 
Ivuden-^  in  connection  wdth  the  effect  of  experimental  roentgen  treatment  on  the 
blood  of  goats.  There  is  no  reason  to  suppose  that  the  activation  of  the  lymphoid 
defense  by  dietetic  measures  should  be  less  beneficial  than  that  produced  by  means 
of  radium  or  the  roentgen  rays.  On  the  contrary,  it  is  to  be  expected  that  thera- 
peutic measures  that  keep  within  the  bounds  of  normal  physiologic  activity,  so 
to  speak,  will  be  less  apt  to  tax  the  general  health  of  a  patient  than  any  extraneous 
measures. 

Before  describing  the  experiments  with  which  this  paper  is  concerned,  it  will 
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be  necessary  to  discuss  three  factors  that  were  bound  to  exert  a  great  influence 
on  the  results  obtained;  namely,  the  individual  cholesterol  standard  of  the  blood, 
the  cholesterol  content  of  certain  articles  of  food,  and  the  efl^ect  of  digestion  on 
the  cholesterol  content  of  the  blood. 

THE  INDIVIDUAL  CHOLESTEROL  STANDARD  OF  THE  BLOOD 

Rothschild*-  has  pointed  out  that  normal  animals  have  an  individual  choles- 
terol standard,  the  variations  of  which  are  slight.    Luden^^  was  able  to  corroborate 

Table  I 

BLOOD   CHOLESTEROL  OF  THE   WRITER,   NOV.   23,    1915,   TO   JUNE    19,    1916* 

AUTENRIETH  BLOOR  I  BLOOR  II 

DATE  (mG.  cholesterol  IN  (mG.  CHOLESTEROL  IN  (mG.  CHOLESTEROL  IN 

5  c.c.  chloroform)  6  c.c.  chloroform)  6  c.c.  chloroform) 

Autenrieth-Hellige  Colorimeter 
0.180 

0.216  0.260 

0.272  0.300 

0.272 

0.272 

0.272 

0.330 

0.330 

0.300 

0.272 

0.330 
0.272 
0.272 

0.272  0.330 

Duboscq  Colorimeter 

0.275  0.333 

0.272  0.333 

0.272  0.330 

*The  technic  used  for  these  tests  is  identical  with  that  described  in  Luden's-'  studies  on  the  choles- 
terol content  of  the  blood  of  goats,  with  the  exception  only  that  the  Duboscq  colorimeter  set  at  10  mm. 
and  a  standard  test  0.400  mg.  was  used  instead  of  the  Autenrietli-Hellige  instrument.  It  should  be 
remembered  also  that  all  colorimetric  estimations  are  influenced  by  the  individual  "color  vision"  of  the 
operator,  even  when  all  other  factors  are  identical;  hence  my  "normal"  cholesterol  values  which  were 
found  in  a  series  of  healthy  persons  read  somewhat  higher  than  the  values  quoled  by  Bloor.^"  It  should 
be  added  that  in  a  large  series  of  tests  run  parallel  with  the  Duboscq  and  the  Autenrieth  colorimeters  the 
difference  between  the  readings  of  the  two  instruments  kept  constantly  within  the  following  range:  Du- 
boscq 0.222,  Autenrieth  0.216;  Duboscq  0.275,  Autenrieth  0.272,  the  greatest  difference  being  0.008 
mg.  Consequently  the  cholesterol  values  obtained  while  the  Autenrieth  colorimeter  was  still  in  use, 
do  not  need  any  correction.  Details  concerning  these  parallel  tests  and  of  cholesterol  values  found  in 
health  and  disease  will   be  published   shortly. 

•"Slight   attack    of   appendicitis. 

these  findings  by  observations  on  the  cholesterol  content  of  the  blood  of  goats. 
Similar  observations  were  made  regarding  tlie  cholesterol  value  of  normal  pcr- 
.•^ons  partaking  of  an  ordinary  mixed  diet.  My  own  cholesterol  standard  was 
established  by  a  series  of  determinations  made  between  Nov.  23,  1915,  and 
June  16,  1916  (Table  I),  It  remained  practically  constant  at  0.272  mg.  in 
6  c.c.  of  chloroform  extract  made  according  to  Bloor's  originrd  method^  for 
the  determination  of  blood  cholesterol.  The  only  considerable  txrciition  occurred 
during  a  very  slight  attack  of  ;i])|)en(licilis,  wlu-n  llie  cliolfstcvol  w  cnl  up  to  0.330 
mg.     It  returned  to  normal,  howcxcr,  wilhin  a   forlniglil. 


Nov 

.  23. 

1915 

Tan. 

31, 

1916 

Feb. 

1 

Mar 

.  1 

9 

18 

25* 

* 

29 

Apr. 

6 

9 

17 

22 

Tune 

16 
17 

17 
18 
19 
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THE   CHOLESTEROL  CONTENT  OF   FOODS 

Data  concerning  the  cholesterol  content  of  the  usual  articles  of  food  are 
extremely  scarce,  and  so  far  as  can  be  ascertained,  no  such  determinations  have 
been  made  by  the  Bloor  method.  For  the  sake  of  a  fair  comparison  with  the 
changes  observed  in  the  cholesterol  percentage  of  the  blood  during  any  given  diet 
it  seemed  important  to  establish  the  cholesterol  percentage  of  the  components  of 
these  diets  by  the  same  method  by  which  the  blood  was  tested.  Table  II  shows 
the  values  found  in  samples  of  the  food  used  during  the  diet  experiments.  It 
should  be  remembered  that  a  number  of  factors  are  bound  to  play  an  important 
part  in  the  cholesterol  value  of  foodstuffs.  The  breed,  the  age,  and  the  mode  of 
feeding  animals  will  not  be  without  influence  on  the  cholesterol  content  of  the 
food  the  animals  supply.  Even  dififerent  parts  of  the  meat  of  the  same  animal 
may  have  slightly  different  values.  The  time  of  calving  materially  affects  the 
richness  of  the  milk  and  its  percentage  of  cholesterol,  and  in  the  case  of  cheese, 
for  instance,  the  special  brand  and  the  ripening  may  not  be  without  effect.  Abso- 
lute data  can,  therefore,  be  obtained  only  by  an  extremely  large  number  of  deter- 

Table  II 
CholesteeoIv  or  Foods 

writer's  determinations,    older  methods^^ 

DUBOSCQ  colorimeter. 

Bloor  I        Bloor  II 

(mg.  cholesterol  in  (PER  CENT) 

6  c.c.  chloroform) 
pood 

Yolk  of  egg,  raw,..  3  gm 2.660  2.660  2.15  1.75 

Yolk  of  egg,  hard  boiled,  49%  water 2.660  2.660 

Yolk  of  egg,   desiccated 4.000  4.000 

Milk,   raw,   3  c.c 0.080  0.080 

Cream,  raw,  3  c.c 0.185  0.185 

Butter.  3  gm 0.472  0.880*  0.190 

Butterfat  0.200  0.220 

Maize   0.100 

Mushrooms    (agaricus  campestris) 0.444  0.307  0.520** 

Mushrooms  (agaricus  campestris)  with  sauce  0.210  0.181 

Beef,  raw,  3  gm 0.160  0.160 

Beef,  roast  0.190  0.190 

Beef,  smoked,  dried   0.181  0.250 

Chicken,  roasted,   breast 0.380  0.380 

Fish,  black  bass 0.250  0.250 

Oatmeal 0.000**  0.000*** 

*Bloor  II  tests  appear  to  contain  some  kind  of  coloring  material. 
**Boletus  edulis. 
***Autenrieth   method   also   negative. 

minations.  The  writer  is  fully  aware  of  this,  but  has  decided  to  publish  the  find- 
ings in  the  following  tables  for  two  reasons :  First,  the  cholesterol  content  of 
the  various  articles  of  food  used  during  the  experiments  must  be  closely  asso- 
ciated with  the  results  obtained;  second,  since  present  data  on  the  subject  are 
either  vague,  (Rothschild,^'^  for  instance,  states  that  eggs,  cream,  milk,  and  cheese 
are  rich  in  lipoids,  but  gives  no  definite  values)  or  obtained  by  older  methods,  it 
may  be  of  general  interest  to  know  the  approximate  cholesterol  percentage  of  at 
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least  a  few  of  the  common  articles  of  food  obtained  by  the  Bloor  method,  allow- 
ance being  made  for  slight  variations  in  different  samples  of  the  same  kind  of 
food  (Table  II). 

In  selecting  the  sample  of  fish,  a  very  dry  piece  from  the  center  near  the 
spine  was  nsed  and  tested  with  blotting  paper  to  see  that  no  trace  of  grease  was 
present.  The  difference  between  the  percentages  for  raw  and  roasted  beef  is  ex- 
plained by  the  loss  of  water  that  occurred  in  roasting.  It  is  interesting  to  note 
that  the  different  tests  of  the  yolks  of  eggs  correspond  closely.  The  tests  were 
made  with  a  Duboscq  colorimeter  set  at  10  mm.  and  the  standard  cholesterol 
solution  containing  0.400  mg.  per  6  c.c.  of  chloroform  used  in  our  blood  choles- 
terol determinations. 

INFLUENCE  OE  DIGESTION  ON  THE  BLOOD  CHOLESTEROL 

Bloor^  states  that  in  dogs  the  process  of  digestion  and  the  chemical  constitu- 
ents of  the  food  do  not  influence  the  cholesterol  content  of  the  blood  to  any 
appreciable  extent.  The  effect  of  digestion  in  ruminating  herbivora  has  been  dis- 
cussed in  my  work  on  the  blood  of  goats.  As  far  as  could  be  ascertained  no 
data  have  yet  been  published  on  the  changes  occurring  in  the  blood  cholesterol 
of  normal  persons  during  the  digestion  of  the  average  mixed  diet. 

Three  experiments  were  made  to  study  the  effect  of  the  digestive  process  on 
the  writer's  cholesterol  standard  during  the  usual  mixed  diet.     In  every  instance    I 
the  first  test  was  made  before  breakfast,  as  Bloor*^  has  found  that  the  postabsorp-    \ 
tive  condition  eight  to  sixteen  hours  after  the  last  meal  is  "practically  the  only 
time  when  the  blood  is  free  from  the  influence  of  ingested  or  mobilized  fat." 
According  to  Bloor  and  Rothschild,  cholesterol  and  fat  metabolism  are  closely 
associated.    Whatever  may  be  the  exact  time  required  for  elimination  of  the  other 
lipoids  from  the  blood,  the  results  obtained  in  these  experiments  seem  to  indicate     S 
that  the  blood  cholesterol  returns  to  its  "standard  value-"  in  approximately  four     (, 
hours  even  when  a  considerable  amount  of  food  rich  in  cholesterol  has  been  con- 
sumed.    Consequently  the  time  allowed — twelve  hours — would  be  amply   suffi- 
cient to  exclude  the  effect  of  digestion  from  the  first  test.    The  subsequent  tests 
were  made  at  one  hour's  interval  each,  with  the  exception  of  the  first  test  after 
the  midday  meal,  which  had  to  be  taken  after  two  hours  on  account  of  the  absence 
of  those  who  took  the  blood.     For  each  test  3  c.c.  of  blood  were  taken  from  the     | 
cubital  vein  by  means  of  a  graduated  syringe  fitted  with  a  hypodermic  needle,      i 
according  to  Bloor's  method,^-  "*  the  method  used  in  all  my  experiments.     The 
blood  was  boiled  up  immediately  after  it  had  been  taken.    It  was  found  necessary 
to  let  a  week  elapse  between  the  two  experiments  as  the  repeated  introduction 
of  the  hypodermic  needle  caused  the  cubital  veins — the  left  and  right  were  used 
alternately — to  collapse,  small  thrombi  being  formed  which  obstructed  the  lumina. 
Attempts  to  use  the  veins  on  the  back  of  the  hand  gave  unsatisfactory  results,  the 
caliber  of  most  of  these  being  too  small,  or,  when  surficicnlly  large,  it  was  impos- 
sible to  fix  the  vein  itself  and  it  slid  aside  when  the  needle  was  introduced. 

The  results  shown  in  Table  III  were  obtained  in  these  experiments: 
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As  may  be  seen  from  the  foregoing  experiments,  a  light  luncheon  consisting 
of  bread  with  butter  and  tea  or  coffee  does  not  appear  to  produce  any  marked 
changes  in  the  blood  cholesterol,  or  at  any  rate  these  changes  have  been  eliminated 
within  an  hour.  The  tests  made  after  the  more  substantial  meals  seem  to  show 
that  the  cholesterol  content  of  the  blood  returns  to  its  "normal  standard"  in 
approximately  four  hours  even  when  as  much  as  three-fourths  of  a  pound  of  raw 
beef  and  the  yolk  of  an  egg  have  been  consumed  at  one  meal.  This  fact  should 
be  borne  in  mind  in  considering  the  results  obtained  from  an  exclusively  meat 
diet.     (See  Table  V.) 

EXPERIMENTS  SHOWING  THE  EFFECT  OF  THE  DIET   ON  THE   CHOLESTEROL   CONTENT 
AND  THE  CYTOLOGY  OF  THE  BLOOD 

The  following  experiments  were  suggested  by  the  current  belief  that  there  is 
a  causative  relation  between  the  increased  consumption  of  meat  and  the  incidence 
of  cancer.  Many  writers  do  not  hesitate  to  endorse  this  view.  Williams  writes : 
"I  am  persuaded  that  the  ascertained  facts  justify  the  belief  that  there  is  a  certain 
relation  between  the  conditions  of  nutrition  and  the  incidence  of  cancer  growth." 
Bulkley  has  repeatedly  called  attention  to  the  influence  of  the  diet  on  the  course  of 
malignant  disease.  Von  Miiller  and  von  Bauer''  in  their  clinical  lectures  both 
emphasized  the  fact  that  the  increase  of  cancer  in  Bavaria  might  be  due,  in  part 
at  least,  to  increased  consumption  of  meat  among  the  Bavarian  peasantry.  Hofli- 
man  comes  to  similar  conclusions  from  his  cancer  statistics. 

Cytologic  changes  in  the  blood  in  malignant  disease  have  been  reported  by 

Table  III 
Hourly  Tests  of  Cholesterol  in  Writer's  Blood  During  the  Process  of  Digestion 

first  experiment,  aug.  2,  1916 
Blood  taken  before  breakfast  showed  a  cholesterol  value  of  0.272  mg.  by  the  Bloor  I 
test  and  0.333  mg.  by  the  Bloor  II  test;  that  is,  the  usual  interval  between  the  two  tests  pre- 
viously observed  in  the  postabsorptive  period.* 

Breakfast  (8  a.m.) 

2  egg  sandwiches  (1  egg) 

yz  cantaloupe 

2  cups  of  tea  (milk  and  sugar) 

DUBOSCQ  COLORIMETER 
Bloor  I  Bloor  II 

{mg.  cholesterol  in  6  c.c.  chloroform) 

Blood  taken  1   hour  after  breakfast 0.347  0.420 

"•     2  hours      "  "       0.333  0.380 

"      3      "  "  "       0.280  0.350 

"      4      "  "  "       0.272  0.330 

Dinner   (12  m.) 

1  cup  cold  broth 

1  "tartar"  steak  (raw) 

1  egg  yolk 

1  small  slice  of  bread  with  butter 

2  cups  of  cofifee  (cream  and  sugar) 

Blood  taken  2  hours  after  dinner 0.343  0  472 

"      3      "  "  "      0.363  0.500 

"      4      "  "  "      0.275  0.330 

*The  cause  of  the  interval  between  the  two  tests  has  been  discussed  elsewhere  by  the  writer  and 
can  not  be  considered  here. 
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Table  III — Continued 

SECOND   EXPERIMENT,  AUG.    7,    1916 

Blood  taken  before  breakfast  showed  0.272  mg.   cholesterol    (Bloor   I   test)    and  0.333 
mg.  (Bloor  II  test). 
Breakfast  (8  a.m.) 
90  gm.  raw  beef 

1  small  slice  of  bread  with  butter 
y^  cantaloupe 

2  cups  of  coflfee  (sugar  and  cream) 

DUBOSCQ  AUTEXRIETH-HEELIGE 

COLORIMETER  COLORIMETER 

Bloor  I  Bloor  II  Bloor  I        Bloor  II 

(mg.  cholesterol  in  6  c.c.  chloroform) 

Blood  taken  1  hour  after  breakfast 0.330  0.338  0.358  0.342 

"      2  hours      "  "       0.285  0.363  0.284  0.362 

"      3      "  "  "       0.285  0.363  0.284  0.362 

"      4      "  "  "       0.272  0.333  0.272  0.330 

Dinner  (12  m.) 

2  ham  sandwiches 

1  cottage  cheese  sandwich 

1  egg  sandwich  (i^  egg) 

2  cups  of  coflfee  (sugar  and  cream) 

Blood  taken  2  hours  after  dinner 0.307  0.363 

"      3      "  "  "      0.272  0.333 

"      4      "  "  "      0.272  0.333 

THIRD  EXPERIMENT** 

Blood  taken  4  hours  after  last  meal  showed  0.272  mg.  cholesterol   (Bloor  I  test)    and 
0.333  mg.   (Bloor  II  test). 
Light  luncheon  (4-5  P.M.) 

3  small  slices  of  bread  with  butter 
2  cups  of  tea  (moderate  amount 

of  sugar  and  cream) 
Blood  taken   1   hour  after  luncheon 0.277  0.333 

**This  experiment  was  made  several  times  on  different  dates  to  tletermine  whether  patients  could 
be   allowed   a   light   breakfast   before   their  blood  was   tested. 

Gruner,  who  based  his  work  on  the  Arneth  theon',  and  wlio  succeeded  moreover 
in  reproducing  these  cytologic  changes  in  hi,s  own  blood  l)y  (hetary  measures. 

Ahhough  some  of  Gruner's  deductions  may  be  open  to  criticism  from  a 
hematologic  point  of  view,  the  main  idea  of  his  w^ork  and  the  honest  effort  which 
it  embodied  seemed  to  deserve  recognition  in  a  practical  form ;  name!}',  the  repeti- 
tion of  his  experiment  and  the  checking  up  of  his  results  through  independent 
investigation.  Consequently  certain  of  my  experiments  have  been  carried  out 
along  the  lines  suggested  by  him.  Moreover  it  seemed  possible  that  experiments 
of  this  kind  might  furnish  data  concerning  the  influence  of  the  diet  on  the  lympho- 
cytic reaction  and  on  the  cholesterol  content  of  the  blood  and,  therefore,  in  a 
wider  sense,  on  the  relation  of  metabolism  to  the  cancer  problem. 

Gruner  has  adopted  a  very  detailed  classification  for  the  morphologic  changes 
he  observed  in  the  leucocytes  and  lymphocytes  of  patients  suffering  from  malig- 
nant conditions  and  in  his'  own  ])lood  in  dietetic  experiments.  Many  of  the  i)atho- 
logic  nuclei  he  describes,  however,  somehow  give  the  impression  that  they  are 
perhaps  artefacts  due  to  accidents  in  staining  or  the  mechanical  effect  of  making 
the  smear.  Amitotic  division,  for  instance,  has  been  admitted  for  the  lymphocytes 
and  large  mononuclears  by  Weidcnicicb  ;  but  some  of  Gruner's  diagrauLs    (for 
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example,  Figs.  21  and  23)  suggest  a  folding  rather  than  an  actual  division  of  the 
nucleus.  Two  of  his  varieties  of  atypical  neutrophil  leucocytes,  however,  seem 
above  suspicion  and  have,  therefore,  been  taken  into  account  in  my  experiments 
inasmuch  as  no  mechanical  effect  could  produce  the  peculiar  shape,  of  their  nuclei. 
These  are  the  "ringform"  in  which  the  nucleus  is  ring-like,  and  "bizarre  forms" 
in  which  the  nucleus  represents  a  solid  compact  disc  or  bar  which  sometimes  sug- 
gests the  shape  of  the  letter  h  or  J. 

Hematologists  (Downey,  Weidenreich)  consider  that  the  "ringform"  must 
be  looked  upon  as  an  overlapping  of  the  two  ends  of  the  nucleus  since  no  true 
rings  are  found  in  human  blood  though  they  have  been  described  in  the  blood  of 
rats.  They  concede,  nevertheless,  that  in  perfect  smears  and  in  increased  num- 
bers these  cells  are  striking  enough  to  be  worthy  of  consideration  as  supporting 
the  Arneth  theory. 

Gruner  claims  that  the  "ringform  is  frequent  in  carcinoma,"  that  "neutrophils 
with  bizarre  forms  are  characteristic  for  malignant  conditions,"  that  "a  relative 
abundance  of  lymphocytes  is  not  found  in  malignant  disease,"  and  that  "one  can 
produce  the  blood  picture  of  carcinoma  .  .  .  .by  partaking  of  certain  articles 
of  food,  notably  pork  and  to  a  less  extent,  other  red  meats."  These  statements 
were  corroborated  in  every  respect  by  my  experiments  and  were,  moreover,  illus- 
trated in  a  striking  manner  by  a  case  of  inoperable  carcinoma  of  the  sigmoid  that 
will  be  discussed  later  on. 

My  individual  cholesterol  standard  having  been  established  (see  Table  I), 
my  individual  lymphoid  defense,  its  relation  to  the  neutrophil  count  and  the 
number  of  ringforms  or  bizarre  forms  present  in  my  blood  under  ordinary  condi- 
tions, remained  to  be  determined.  This  was  done  by  a  number  of  differential 
counts.  The  blood  smears  were  made  before  breakfast  to  eliminate  the  influence 
of  digestive  leucocytosis ;  200  cells  were  counted  from  3  smears  on  every  occasion. 
The  variations  in  the  different  counts  were  found  to  range  from  29  to  31  per 
cent  for  the  lymphoid  defense  and  from  49  to  55  per  cent  for  the  neutrophils. 
The  average  number  of  atypical  forms  in  the  latter  was  2  to  3  per  cent  of  ring- 
forms  and  2.5  to  3.5  per  cent  of  bizarre  forms.  For  three  consecutive  days  pre- 
ceding the  experiment  the  relation  was  as  follows :  Lymphoid  defense :  neutro- 
phils :  :  30  :  54;  ringforms  :  bizarre  forms  :  :  2  :  3. 

Table  IV 
The  Effect  of  Gruner's  Diet  on  Writer's  Blood  Cholesterol  and  Cytology 

experiment  4,  june  20-23,  1916 

Gruner's  diet:     Milk  and  water,  lettuce  and  toast;  no  butter,  but  jam  ad  lihitum. 

Very  little  jam  was  used. 

blood   cholesterol — DUBOSCQ  LYMPHOID  NORMAL  ATYPICAL   NEUTROPHILS 

DAY  COLORIMETER  DEFENSE  NEUTROPHILS  RINGFORM        BIZARRE 

Bloor  I  Bloor  II  (percent)  (percent)  (percent)    (percent) 

{nig.  cholesterol  in  6  ex. 
chloroform) 


1 

0.342 

Too  brown  to  test 

26 

57 

2 

3 

2 

0.272 

"        "        "    " 

30 

54 

1 

3 

3 

0.186 

"        "        "    " 

33 

46 

1.5 

3 
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The  slight  initial  increase  observed  in  the  blood  cholesterol  may  have  been 
due  to  the  rather  severe  nature  of  the  diet  to  which  the  body  had  to  become  ac- 
customed. On  the  first  day  the  writer  was  chronically  hungry  and  had  a  severe 
headache  in  consequence,  but  during  the  two  following  days  she  felt  perfectly 
well  and  comfortable.  It  is  a  well-known  fact  that  fasting  is  always  accompanied 
by  an  increase  of  the  blood  cholesterol  (Rothschild).''*  The  changes  found  in 
the  cytology  of  the  blood  were  still  very  slight,  but  the  drop  of  the  blood  choles- 
terol to  0.186  mg.  and  the  accompanying  increase  of  lymphocytes  and  decrease 
of  neutrophils  is  interesting  when  compared  with  the  results  of  the  subsequent 
experiments. 

Table  V 
The  Effect  oe  an  Exclusive  Meat  Diet  on  Writer's  Blood  Cholesterol  and  Cytology 


EXPERIMENT  5,   JUNE  24-JULY   1,    1916 
Exclusive  meat  diet:     Three  thin  slices  of  dry  bread,  4  by  4  inches,  had  to  be  taken  after  the 

third  day  to  help  the  meat  down. 


BLOOD  cholesterol — DUBOSCQ 


LMYPHOID 


NORMAL 


ATYPICAL   NEUTROPHILS 


colorimeter  defense  NEUTROPHILS  RINGFORM        BIZARRE 

Bloor  I  Bloor  II  (percent)  (percent)  (percent)    (percent) 

(,mg.  cholesterol  in  6  c.c. 
chloroform) 


1 

33 

54.5 

0.5 

1 

2 

28 

65 

2. 

2 

3 

24 

66 

3. 

4 

4 

0.342 

0.388 

16 

72 

4.5 

9 

5 

15 

7i 

5.5 

5 

f) 

0.358 

0.416 

19 

70 

5.5 

12 

7 

0.374* 

0.434 

18 

66 

3.5 

2 

8 

0.342 

0.458 

17 

72 

9 

8.5 

'Diarrhea. 


The  results  obtained  by  the  all-meat  diet  seem  worthy  of  consideration  for 
several  reasons.  The  changes  observed  in  the  cytology  and  in  the  cholesterol 
content  of  the  blood  are  too  marked  and  too  gradual  to  be  explained  by 
mere  coincidence.  The  increase  in  the  blood  cholesterol  from  0.186  mg. 
to  0.372  mg.  can  not  be  attributed  to  the  effects  of  hunger  because  very 
considerable  quantities  of  meat  were  consumed  at  each  meal.  It  is 
to  be  regretted  that  at  first  the  exact  amount  was  not  determined  by  weight,  but 
it  may  suffice  to  state  that  the  writer  conscientiously  tried  to  eat  as  much  meat  as 
she  possibly  could  for  breakfast,  luncheon  and  dinner,  a  smaller  quantity  being 
ingested  at  4:00  v.  i\t.  It  was  subsequently  found  that  the  average  amount  of 
meat  consumed  daily  had  been  from  V/^  to  Xy^  ])ounds.  Coffee  and  tea  were 
taken  as  usual,  but  no  alcohol,  since  it  is  never  used.  The  exclusive  meat  diet 
was  not  accompanied  by  any  unjjleasant  s}'mptoms  wliatsoevcr,  although  it  was 
found  necessary  to  allow  a  very  small  ([uaiilily  of  dry  bread  after  the  third  dav, 
since  meat  in  hot  weather — the  experiment  was  made  between  June  23  and  ]ulv 
1 — loses  its  attractions  as  a  steady  diet.  No  sensation  of  hmiger  was  e.\|)eri- 
enced  between  meals  as  in  the  previous  c.xperiuient,  and  ]n'rft'ct  liraUli  as  well 
as  unhampered  mental  activity  were  enjoyed  tlirouglionl.*     (  hi  the  sc\ontli  day, 

•Because  of  its  bearing  on  these  experiments  I  might  add  thai  llu-  Union  Central  I.ife  Insurance 
Company   reported   most  favorably    on   the   rcsnlts   of   their   medical   examin.ilidn    ni.ide   at    tliis   liine. 
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at  the  beginning  of  which  the  highest  cholesterol  value  was  registered,  there  was 
a  slight  attack  of  diarrhea.  On  the  following  day  peristalsis  was  normal  again, 
but  the  blood  cholesterol  had  dropped  to  0.342  per  cent.  Since  the  elimination 
of  cholesterol  by  the  feces  is  one  of  the  means  by  which  the  cholesterol  balance 
is  preserved  (McNee),  it  seems  logical  to  assume  that  the  body  resorted  to 
increased  peristalsis  in  order  to  maintain  its  equilibrium  of  health.  The  fact 
that  the  same  automatic  regulation  of  the  cholesterol  balance  was  observed  also 
in  a  later  experiment  would  seem  to  support  this  view,  and  will  be  more  fully 
discussed  in  connection  with  Experiment  7. 

The  gradual  but  steady  drop  in  the  lymphoid  defense  from  33  to  17  per  cent, 
the  parallel  increase  of  the  polymorphoneutrophils  from  46  to  72  per  cent,  and 
the  unusual  number  of  atypical  neutrophils — 9  per  cent  ringforms,  12  per  cent 
bizarre — which  appeared  in  the  blood  as  the  cholesterol  percentage  reached  its 
highest  values,  suggest  a  very  definite  relation  between  the  chemical  composition 
and  the  cytology  of  the  blood,  while  the  changes  observed  in  both  appear  to  be 
closely  associated  with  the  chemical  nature  of  the  food  consumed.  The  same 
observations  could  be  made  in  every  one  of  my  experiments. 

The  cvtologic  changes  found  in  the  blood  during  the  exclusive  meat  diet  are 
moreover  in  perfect  accordance  with  Gruner's  findings,  which  they  corroborate. 
The  two  points  on  which  he  lays  particular  stress  regarding  the  similarity  be- 
tween the  blood  picture  during  excessive  meat  consumption  and  in  carcinoma — 
reduction  of  the  lymphocytes  and  the  appearance  of  atypical  neutrophils  in 
markedly  increased  numbers — seem  to  be  borne  out  also  by  the  following 
observations : 

Observations  A  and  B 


BLOOD   CHOLFSTEROL  LYMPHOID     NEUTROPHIL 

SUBJECT  DUBOSCQ     COURIMETER  DEFENSE  COUNT 

Bloor  i        Bloor  II       (percent)      (percent) 
{mg.  cholesterol  in 
6  c.c.  chloroform) 


atypical  neutrophils 

(ringform") 

(per  cent) 


A.  Dr.  F. :  Inoperable 

carcinoma  of  sig- 
moid         0.416  0.416  11 

B.  Man  in  perfect 
health,  who  had 
tropical    malaria 

sixteen  years  ago    0.462  0.472  40 


70 


50 


10 


It  is  noteworthy  that  whereas  the  blood  cholesterol  of  the  healthy  person  \< 
slightly  higher  than  that  of  the  carcinomatous  patient,  the  unusually  high  lymphoid 
defense,  40  per  cent,  and  the  small  percentage  of  ringforms,  2  per  cent,  of  the 
former  are  in  striking  contrast  to  the  unusually  low  lymphoid  defense,  only  11 
per  cent,  and  the  high  percentage  of  atypical  neutrophils,  10  per  cent,  of  the 
latter. 

The  relation  between  the  blood  cholesterol  and  the  blood  cytolog}'  is  further 
illustrated  by  the  changes  produced  in  the  blood  of  the  same  carcinomatous 
patient.  Dr.  F.,  by  radium  therapy,  which  temporarily  arrested  the  disease  if  it 
did  not  cure  it,  and  caused  a  marked  improvement  in  the  general  condition. 
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Observations  C  and  D 


BLOOD   CHOLESTEROL  LYMPHOID     NEUTROPHIL     ATYPICAL  NEUTROPHILS 

SUBJECT  DUBOSCQ    COLORIMETER  DEFENSE  COUNT  RINGFORMS        BIZARRE 

Bloorl        Bloor  II        (percent)      (percent)  (percent) 


{mg.  cholesterol  in 
6  ex.  chloroform) 


C.  Dr.  F.  after 

colostomv    0.330  0.374  21.5  67  3  7 

D.  Dr.  F.  after 

radium  treat nent.     0.240  0  260  33  62.5  3.5  0 

During  the  following  months  the  lymphoid  defense  of  the  patient  dropped 
again  to  16  per  cent,  which  seems  in  accordance  with  the  view  expressed  by  the 
patient's  physician,  Dr.  Howard  Kelly,  that  "a  permanent  cure  was  not  to  be 
expected."  It  is  greatly  to  be  regretted  that  the  blood  cholesterol  could  not  be 
tested  again,  since  there  is  every  reason  to  assume  that  a  renewed  increase  in  the 
blood  cholesterol  would  have  corroborated  previous  observations.  Although  at 
present  definite  conclusions  would  be  premature,  there  seems  little  doubt  thr 
further  investigations  of  the  relation  between  the  chemistry  and  the  cytology  of 
the  blood  may  prove  to  be  of  great  value  in  the  study  of  malignant  conditions. 
In  the  meantime  the  explanation  seems  admissible  that  a  high  lymphoid  defense 
is  effective  in  maintaining  the  normal  equilibrium  even  in  the  presence  of  high 
cholesterol  values,  although  other  factors,  elimination  of  cholesterol  by  the  feces 
for  instance,  may  be  equally  important.  Levy  and  Rowntree  have  shown  that 
the  balance  of  health,  that  is,  the  chemical  balance  of  the  body,  swings  between 
extremely  narrow  limits.  "The  acidity  of  'acidosis'  and  the  alkalinity  of  'alka- 
linosis'  may  be  compared  with  perfect  scientific  accuracy  to  the  'acidity'  of  dis- 
tilled water  and  the  alkalinity  of  certain  varieties  of  tapwater"  (Rowntree). 
Consequently,  any  factors  by  which  the  normal  equilibrium  might  be  disturbed 
are  worthy  of  consideration.  The  cholesterol  content  of  the  blood  as  well  as  the 
lymphoid  defense  would  appear  to  be  factors  of  no  small  importance. 

VEGETABLE  DIET 
The  diet  used  in  this  experiment  consisted  of  vegetables,  fruit,  and  dry  bread 
or  toast.  No  butter  was  used  except  such  as  had  been  added  to  the  vegetables  in 
cooking,  and  since  the  latter  were  not  very  "rich" — never  creamed  for  instance — 
the  amount  of  butter  consumed  can  be  safely  considered  very  small.  The  vege- 
tables consisted  of  carrots,  cauliflower,  string  beans,  asparagus,  boiled  or  mashed 
potatoes,  spinach,  lettuce  and  cucumbers.  In  a  few  instances,  mushrooms  were 
not  avoided,  but  the  steady  decrease  of  the  blood  cholesterol  (below  normal) 
would  tend  to  show  that  their  consumption  did  not  seriously  interfere  with  the 
results  of  the  experiment  even  though  their  cholesterol  content  is  relatively  high. 
No  fish  and  no  meat  in  any  form  were  partaken  of  during  the  time  of  experimen- 
tation. "  Cofifee  and  tea  were  drunk  as  usual,  but  no  alcohol  in  any  form.  It 
would  seem  that  the  diet  was  entirely  sufficient  to  meet  the  requirements  of  the 
body,  for  the  duration  of  the  experiment  at  least,  since  no  sensation  of  luuiger 
between  meals  was  experienced  and  no  loss  of  weight  could  be  observed.  Peri- 
stalsis was  absolutely  normal  and  the  writer  felt  extremely  well  and  "fit"  through- 
out the  experiment. 
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Table  VI 
The  Effect  oe  a  Vegetable  Diet  on  Writer's  Blood  Cholesterol  and  Cytology 


EXPERIMENT 

6, 

AUG.    2   TO 

12, 

1916 

BLOOD 

CHOLESTEROL 

LYMPHOID 

NEUTROPHIL 

ATYPICAL  NEUTROPHILS 

DAY 

DUBOSCQ  COLORIMETER 

DEFENSE 

COUNT 

RINGFORM 

BIZARRE 

(ing.  cholesterol 

'  in  6  c.c. 

chloroform) 

1 

17 

71 

3.5 

3 

2 
3 
4 

0.312 

0.386 

28 

65 

0.0 

3 

0.302 

0.358 

21 

70 

O.S 

3.5 

5 

33 

58 

1 

1.5 

6 
7 
8 

0.202 

0.312 

28 

60 

2.5 

0.5 

0.242 

0.312 

30 

61 

1.5 

0.5 

9 

0.242 

0.302 

29 

62 

1 

2 

10 

0.242 

0  302 

33 

57 

0.5 

3 

The  results  obtained  by  the  vegetable  and  fruit  diet  present  a  contrast  as 
well  as  a  complement  to  those  of  the  exclusive  meat  diet.  Whereas  the  blood 
cholesterol  slowly  but  steadily  decreased  from  0.342  mg.  to  0.202  mg.  on  the 
fifth  day  and  finally  seemed  to  settle  down  to  a  new  standard,  0.242  mg.,  which 
was  found  on  three  consecutive  days,  the  lymphoid  defense  increased  from  17 
per  cent  to  33  per  cent,  with  a  parallel  drop  in  the  neutrophils  and  a  marked 
reduction  of  the  number  of  atypical  cells. 

In  order  to  give  the  body  sufficient  time  to  swing  back  to  normal  values, 
and  because  of  the  tendency  to  collapse  shown  by  the  cubital  veins,  described 
above,  eleven  days  were  allowed  to  elapse  before  another  blood  test  was  made. 
During  this  interval  the  usual  mixed  diet  was  used  again.  The  following  values 
were  found  at  its  close : 


BLOOD   CHOLESTEROL  LYMPHOID 

DUBOSCQ  COLORIMETER  DEFENSE 

Bl  or  I  Bloor  II  (percent) 

{mg.  cholesterol  in  6  c.c.  chloroform) 


NEUTROPHIL        ATYPICAL   NEUTROPHILS 
COUNT  RINGFORM         BIZARRE 

(percent)       (percent)   (percent) 


0.266 


0.307 


31 


62 


0.5 


Apart  from  the  very  slight  increase  in  the  neutrophil  count,  the  normal  stand- 
ard had  been  reached  again.  The  difference  between  the  original  cholesterol 
standard,  0.272  mg.,  and  the  last  reading,  0.266  mg.,  i.  e.,  0.006  mg.,  can  hardly 
be  considered  significant.  The  intimate  relation  between  the  chemistry  and  the 
cytology  of  the  blood  and  the  diet,  previously  observed,  seems  to  be  confirmed 
by  this  experiment. 

INFLUENCE  OF  AN  EXCESS  OF  CARBOHYDRATES  ON  THE  CHOLESTEROL  CONTENT 
AND  THE  CYTOLOGY  OF  THE  BLOOD 

Two  seemingly  unrelated  problems  formed  the  basis  of  this  experiment ; 
namely,  the  cause  of  the  epithelial  proliferation  on  the  tongues  of  rats  observed 
by  Stahr^^  after  exclusive  feeding  of  oats,  and  the  ability  of  the  body  cells  to 
synthesize  cholesterol  from  cholesterol-free  substances,  defended  by  Dezani.^"'  ^^ 
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The  practical  importance  of  these  problems  and  their  possible  relation  to  each 
other  is  such  that  a  brief  outline  of  the  work  referred  to  may  be  of  value. 

Stahr  found  that  epithelial  tumors  of  considerable  size  on  the  tongue  originat- 
ing without  exception  from  the  papilla  circumvalate  could  be  produced  in  a 
gi-eat  number  of  rats  of  different  species  by  feeding  the  animals  exclusively  with 
oats.  No  other  diet  resulted  in  this  tumor  formation.  Congenital  tumors  were 
never  observed,  although  as  many  as  seven  generations  of  the  same  family  were 
used  in  the  experiment.  The  best  results  were  obtained  when  the  animals  were 
fed  on  oats  continually  and  almost  exclusively  ("dauernd  und  fast  ausschlies- 
slich")  as  soon  as  they  had  been  weaned.  In  very  old  rats  the  excessive  oat  diet 
did  not  seem  to  cause  any  epithelial  proliferation,  while  adult  rats,  that  is,  full 
grown  but  not  old,  animals  seemed  to  respond  to  the  irritant  in  varying  degrees. 
Stahr  attributes  his  results,  in  part  at  least,  to  chronic  irritation  produced  by 
the  oat  husks  which  were  found  embedded  in  the  tongues  of  the  animals  in  which 
tumors  occurred.  Nevertheless,  he  admits  that  a  number  of  wild  rats  in  whose 
tongues  the  sharp  pointed  husks  were  also  found  embedded  showed  no  trace 
of  tumor  formation.  The  time  required  for  the  lesions  to  become  manifest  and 
their  respective  size  varied  considerably  in  different  animals.  A  great  number 
of  the  larger  tumors  developed  in  from  five  to  seven  months,  the  initial  stages 
being  visible  in  about  four  weeks  to  two  months.  In  many  instances,  however, 
the  tumors  grew  so  slowly  that  there  seemed  to  be  no  visible  increase  after  five 
months.  Stahr  considers  that  this  divergence  can  be  accounted  for  only  by  the 
fact  that  the  rats  were  not  endowed  with  the  same  degree  of  predisposition 
("dass  die  Ratten  eben  verschieden  stark  disponiert  waren"),  a  conclusion  which 
will  readily  be  admitted.  He  adds  that  our  conception  of  the  nature  of  this  so- 
called  "disposition  und  konstitution,"  which  has  been  somewhat  vague  for  many 
years  has  become  clear  and  definite  as  a  result  of  recent  investigations.  The 
accuracy  of  the  latter  statement  seems  questionable.  That  the  mechanical  factors 
which  he  enumerates — anatomical  formation  of  the  mouth  and  motility  of  the 
tongue,  either  of  which  impeded  or  promoted  the  removal  of  the  implanted 
husks,  the  nature  of  the  irritant  itself  and  the  length  of  time  the  irritation  was 
kept  up — pla)^ed  an  im^jortant  part  in  the  process  of  atypical  proliferation'  can 
not  be  doubted,  but  there  are  other  factors  the  significance  of  which  should  not 
be  underrated ;  namely,  the  chemical  composition  of  the  oat  diet  and  the  power 
of  elimination  of  the  individual  rat.  Notwithstanding  the  masterly  analysis  of 
causes  found  in  his  report,  Stahr  does  not  seem  to  take  these  factors  into  con- 
sideration, for  the  internal  causes  (innere  Ursachen)  which  he  discusses  at 
great  length  are  of  an  entirely  different  character.  That  both  the  "disposition  and 
constitution"  to  which  he  refers,  however,  are  intimately  associated  with  the 
ability  of  the  individual  organism  to  eliminate  or  metabolize  certain  articles  of 
food,  will,  I  think,  be  readily  conceded.  Many  of  the  problems  of  individual 
metabolism  have  by  no  means  been  solved  as  yet. 

In  discussing  the  nature  of  the  growths  produced  by  the  oat  diet,  Stahr 
states  that  they  represent  "at  least  the  earliest  evidence  of  an  epithelial  tumor,  of 
a  true  blastoma,""  (page  22.S).  lie  discusses  the  relation  between  harmless 
proliferation  and  malignant  hypcr])lasia  at  great  length  ami   comes  to  the  con- 
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elusion  that  in  the  initial  stages  it  is  impossible  to  decide  whether  any  given  type  of 
atypical  epithelial  proliferation  is  destined  to  retain  its  benign  character  or  to  de- 
velop into  a  true  carcinoma,  "so  that  consideration  must  be  taken  of  internal  causes 
which  affect  these  originally  benign  growths  in  such  a  way  that  they  discard 
normal  bounds  and  develop  into  cancer."  The  context  shows  that  Stahr  evi- 
dently looks  for  the  "internal  causes"  within  the  tumor  cells  themselves,  inasmuch 
as  he  defends  the  hypothesis  that  in  malignant  conditions  new  types  of  cells  are 
formed  in  circumscribed  areas,  and  lawless  proliferation  is  an  inherent 
characteristic  of  these  newly  formed  cells.  In  other  words,  the  tumor  cells  as 
such  are  responsible  for  their  onslaught  on  the  welfare  of  the  body.  Would  it 
not  be  equally  reasonable  to  assume  that  lawless  proliferation  is  the  manifestation 
of  "internal  causes"  in  another  sense ;  that  is,  that  some  substance  stimulating  cell 
proliferation  is  supplied  by  the  body  itself  through  faulty  metabolism,  and  that 
the  atj'pical  character  of  these  proliferating  cells  is  merely  the  result  of  an  over- 
hurried  rate  of  cell-production  under  the  influence  of  this  constantly  applied 
stimulant?  We  know  that  in  hyperthyroidism,  for  instance,  atoxic  substance  is 
constantly  produced  which  goads  the  heart  into  lawless  activity,  and  that  infini- 
tesimal doses  of  this  substance,  Kendall's-'^'  alpha  iodine  compound,  similarly  in- 
crease the  heart  rate  of  normal  animals  for  a  short  time.  This  has  been  demon- 
strated experimentally.  It  has  also  been  found  that  the  normal  heart  swings 
back  to  its  usual  rate  of  action  as  soon  as  the  toxic  compound  has  been  either 
eliminated  or  destroyed  by  normal  metabolism.  We  admit  the  "unripe"  character 
of  the  so-called  malignant  cells  and  we  know  that  the  more  embryonic  or  un- 
finished the  cells  of  a  tumor  are,  the  more  rapid  and  destructive  its  growth. 
Would  it  not  be  reasonable  to  deduce  from  the  foregoing  facts,  that  substances 
supplied  in  the  food  and  insufficiently  metabolized  by  inadequate  organs  could 
become  the  cause  of  lawless  cell  proliferation,  inasmuch  as  the  daily  intake  of  food 
would  furnish  a  constant  stimulant  that  might  bring  about  the  hurried  coinage 
of  unfinished,  atypical  cells,  embr)'onic  in  character,  simply  because  the  rate  of 
production  did  not  allow  them  time  to  become  full-grown  ?  It  is  well  known  that 
under  suitable  conditions  normal  cells  can  be  transplanted  and  made  to  grow 
in  vitro  (Foote^*^  and  Burrows).  The  origin  of  metastatic  tumors  can  be  traced  in 
many  instances  to  strands  of  single  cells  that  have  been  crowded  out  by  the  rapid 
growth  of  the  mother  tumor,  and  the  danger  of  scattering  and  implanting  stray 
tumor  cells  in  operative  procedures  is  recognized  by  surgeons.  These  observa- 
tions, as  well  as  many  others  that  can  not  all  be  enumerated  here,  seem  to  support 
the  view  that  the  body  itself  furnishes  the  conditions  by  which  proliferation  is 
either  regulated  and  kept  within  normal  bounds  or  incited  to  become  lawless  and 
destructive.  That  the  invasive  growth  of  tumor  cells  ("infiltratives  Wachstum," 
Joest  and  Ernesti)  might  be  interpreted  as  merely  the  result  of  the  increased  rate 
of  production  referred  to  above,  does  not  seem  inadmissible. 

The  fact  that  the  majority  of  the  oat-fed  rats  developed  tumors,  the  striking 
absence  of  tumors  in  animals  fed  on  other  food,  and  the  presence  of  oat  husks  in 
the  tongues  of  wild  rats  that  showed  no  tendency  to  tumor  formation  (proving 
that  the  irritant  alone  was  insufficient  to  produce  the  lesions)  would  seem  to 
indicate  that  the  diet  itself  and  the  way  in  which  the  animal  was  able  to  handle  it. 
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may  have  been  primary  factors  in  the  resuhs  obtained  by  Stahr.  The  chemical 
analysis  of  the  blood  of  these  tumor  rats  and  the  study  of  their  blood  cytology 
would  undoubtedly  have  furnished  valuable  data  concerning  the  effect"  of  the  diet 
on  the  development  of  the  tumors. 

The  synthesis  of  cholesterol  by  the  body  cells  from  substances  containing 
only  the  elements  carbon,  hydrogen  and  oxygen,  of  which  the  cholesterol  mole- 
cule, CoyH^fjO,  is  composed,  has  been  a  subject  of  much  controversy.  Bloor^  (page 
581)  makes  the  guarded  statement  that  together  with  other  lipoids,  cholesterol 
is  "probably"  synthesized  by  the  animal  organism,  whereas  Rothschild^^  (page 
233)  boldly  asserts  that  "there  is  no  synthesis  of  cholesterol  in  the  body."  In 
discussing  the  question,  Bloor  calls  attention  to  the  work  of  Dezani,^-'  ^"  Gardner 
and  Lander.  While  the  experiments  of  Gardner  and  Lander  furnish  a  striking 
illustration  of  the  power  possessed  by  the  animal  organism  to  transform  choles- 
terol into  body  cells,  or  at  any  rate,  to  utilize  it  for  the  purpose  of  cell  formation, 
the  term  "synthesis"  would  hardly  seem  applicable  to  the  process  they  studied ; 
that  is,  the  gradual  development  of  the  chick  embryo  from  the  egg.  Synthesis  may 
be  defined  as  "the  artificial  building  up  of  a  chemical  compound  by  union  of  its 
elements."  Since  the  egg  alreach'  contains  a  high  percentage  of  cholesterol,  the 
growing  chick  does  not  need  to  effect  the  union  of  the  elements  but  merely 
con\erts  the  substance  into  cells.  ]\Ioreover,  "the  fully  developed  chick  contains 
only  as  much  cholesterol  as  the  egg  did  before  hatching"  ( Rothschild. ^^  page 
230). 

Dezani's  work,  on  the  other  hand,  seems  far  more  suited  to  demonstrate'  a 
true  synthesis  of  cholesterol,  as  a  brief  abstract  of  his  original  report  will  show. 
Having  established  the  average  weight  and  the  average  total  cholesterol  content 
of  a  certain  breed  of  mice,  he  divided  the  sixteen  remaining  animals  into  groups 
of  four.  These  animals  were  fed  for  twenty-three  days  on  a  mixture  of  casein 
and  maize  from  which  all  the  cholesterol  had  been  extracted  for  a  week  with 
ether-alcohol.  In  addition,  Group  I  received  a  certain  amount  of  mineral  salts, 
Group  II  mineral  salts  and  lecithin.  Group  III  mineral  salts  and  fat  in  the  form  of 
fatty  acids  and  glycerin,  and  Group  IV  mineral  salts,  lecithin  and  fat  in  the  same 
form.  The  mice  devoured  this  food  greedil\'  and  seemed  to  thrive  on  it.  Young 
growing  mice  had  been  chosen  for  the  experiment.  They  gained  in  weight,  devel- 
oped normally  and  seemed  in  perfect  health.  At  the  end  of  seventeen  days 
however,  they  began  to  dislike  the  food  and  lost  slightly  in  weight.  Their  coats 
became  rough,  but  they  were  lively  and  the  ears  showed  no  sign  of  anemia.  On 
the  twenty-third  day,  three  of  the  mice  were  found  dead  in  their  cage  and  the  rest 
were  killed.  The  total  cholesterol  of  each  group  was  then  determined  by  desic- 
cating the  bodies  in  iota  and  extracting  the  cholesterol  by  means  of  a  special 
procedure  devised  by  Dezani.  Though  no  cholesterol  had  been  supplied  in  the 
food,  chemical  analysis  had  shown  that  cholesterol  had  been  daily  eliminated  bv 
the  feces,  and  the  postmortem  determinations  proved  that  the  toi.il  a\erage 
cholesterol  had  been  increased  by  about  one-third  in  each  grou]i.  The  mice  had 
been  weighed  in  groups,  and  every  group  exceeded  its  initial  weight,  whereas  a 
slight  loss  of  weight  which  occurred  during  the  last  days  of  the  experiment  did 
not  exceed  0.8  per  cent  of  the  total  gain.     Dezani  considers,  therefore,  that  the 


156  THE    JOURNAL    OF    LABORATORY   AND    CLINICAL    MEDICINE 

destruction  of  body  cells  alone  can  not  account  for  the  marked  increase  of  the 
total  cholesterol,  though  it  may  have  added  slightly  to  the  values,  and  that  the 
animals  must  have  synthesized  the  greater  part  of  the  surplus  cholesterol  from 
the  cholesterol-free  food  on  which  they  had  been  fed.  He  suggests  the  following 
explanation : 

Under  ordinary  circumstances  the  body  does  not  synthesize  cholesterol,  the 
amotmt  essential  to  health  being  easily  obtained  "ready-made"  in  the  food. 
Under  special  conditions,  however,  when  no  cholesterol  is  available,  synthesis  is 
resorted  to  by  the  body  as  an  extreme  measure  in  preference  to  the  alternative  of 
a  cholesterol  deficit.  In  other  words,  the  body  can  synthesize  cholesterol  under 
the  stress  of  necessity  just  as  the  heart  can  use  all  its  reserve  power  w^hen 
occasion  demands.  The  organism  soon  tires'  of  the  unwonted  effort,  however, 
and  loss  of  health,  or  decompensation,  results  in  the  end,  as  was  the  case  with 
Dezani's  mice. 

The  question  suggested  by  Stahr's  experiment  is  the  following:  Could  the 
results  obtained  have  been  due  to  a  reduction  of  the  lymphoid  defense  with  paral- 
lel increase  of  the  blood  cholesterol  in  those  animals  which  responded  to  the  exces- 
sive oat  diet  by  tumor  formation?  The  relation  between  the  blood  cholesterol, 
the  lymphoid  defense,  and  the  diet  observed  in  the  writer's  experiments  and  the 
part  played  by  cholesterol  in  cell  proliferation  both  in  normal  growth  and  in  the 
growth  of  tumors  (Robertson  and  Burnett),  justify  this  Supposition,  especially 
as  Stahr's  report  contains  no  reference  to  the  blood  cytolog}^  or  blood  chemistry 
of  his  animals. 

No  data  being  available  in  regard  to  the  cholesterol  content  of  oats,  and  the 
only  chemical  analysis  of  any  kind  of  grain  recorded  being  that  of  maize  with 
0.10  per  cent  of  cholesterol  (see  Table  I),  it  was  decided  to  make  a  test  by  the 
Bloor  method  of  the  broken  oats  sold  under  the  name  of  "Scotch  oatmeal."* 
This  test  was  entirely  negative.  A  second  test  was  made  according  to  the  Auten- 
rieth  method  on  the  assumption  that  the  Bloor  test  might  not  be  effective  in  dis- 
sociating certain  chemical  compounds  in  which  the  cholesterol  in  oats  might  be 
bound  up,  though  as  Mueller^^  has  pointed  out,  Bloor's  method  of  extraction 
"will  be  found  to  be  practically  complete"  in  other  substances.  By  Autenrieth's 
method  the  substance  to  be  tested  is  boiled  for  two  hours  with  25  per  cent  potas- 
sium hydroxide,  and  the  combined  action  of  strong  alkali  and  boiling  could 
reasonably  be  expected  to  effect  the  necessary  dissociation  if  any  cholesterol  w^ere 
contained  in  the  oats  in  compound  form.  However,  the  results  of  this  test  were 
negative  also.  Since,  then,  no  cholesterol  appeared  to  be  contained  in  oats,  and 
Dezani's  work  suggested  that  even  cholesterol-free  food  can  cause  an  increase  of 
the  total  cholesterol  content  of  the  body  by  synthesis  of  cholesterol,  it  still  seemed 
possible  that  Stahr's  rats  had  synthetized  their  cholesterol  from  the  cholesterol- 
free  oats.  This  surmise  did  not  seem  unreasonable  because,  as  they  are  carbohy- 
drates, oats  contain  the  very  elements,  carbon,  hydrogen,  and  oxygen,  of  which 
the  cholesterol  molecule  is  composed. 

In  order  to  verify  this  supposition  a  diet  consisting  as  exclusively  as  possible 

*  Scotch  oatmeal  consists  entirely  of  broken  oats,  and  should  not  be  confounded  with  the  so-called 
"rolled   oats." 
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of  broken  oats  (Scotch  oatmeal)  was  decided  upon.  Such  a  diet,  even  though 
the  husks  had  been  removed  from  the  grain,  would  contain  practically  the  same 
chemical  compounds  as  the  oats  on  which  Stahr's  rats  had  been  fed.  The  chem- 
ical effects  of  the  diet  on  the  cholesterol  content  and  the  cytology  of  the  blood 
being  the  chief  object  of  investigation,  the  absence  of  the  oat  husks  did  not  seem 
of  great  practical  importance.  That  no  vitamines  were  lost  by  the  removal  of  the 
oat  husks  would  seem  to  be  demonstrated  by  Fig.  5,  which  shows  that  the  oat 
grains  were  practically  intact  and  surrounded  by  a  slightly  hairy  capsule,  thus 
being  comparable  to  thrashed  but  unpolished  rice. 

Although  for  reasons  to  be  discussed  later,  this  experiment  did  not  furnish 
conclusive  data  concerning  the  synthesis  of  cholesterol  in  the  body,  the  results 
obtained  may  be  of  value  inasmuch  as  they  again  confirm  previous  observations 
regarding  the  intimate  relation  between  the  diet,  the  lymphoid  defense,  and  the 
cholesterol  content  of  the  blood. 

Rothschild"**  has  pointed  out  that  the  cholesterol  content  of  the  blood  is 
increased  by  starvation,  cholesterol  being  liberated  from  the  body  fat  in  which  it 
is  stored.  Loss  of  weight  was,  therefore,  to  be  studiously  avoided  during  the  oat- 
meal diet.  It  might  be  argued  that  the  maintenance  of  the  original  body  weight 
and  especially  an  increase  thereof  in  the  course  of  the  experiment  would  be  ample 
proof  that  any  rise  in  the  blood  cholesterol  could  not  be  attributed  to  the  destruc- 
tion of  body  tiss/ues.  However,  Dezani's^^  first  experiment  had  shown  that  the 
body  will  make  every  effort  within  its  power  to  maintain  its  cholesterol  balance 
even  during  starvation,  and  that  a  loss  of  41  per  cent  of  body  weight  is  accom- 
panied by  a  loss  of  only  15  per  cent  of  the  total  cholesterol.  Consequently,  it 
seemed  safer  not  to  depend  on  the  evidence  of  body  weight  alone,  but  to  base  the 
experiment  on  a  strict  maintenance  of  the  metabolic  balance  in  general.  The 
following  standards  were  therefore  established : 

1.  The  diet  must  consist  of  ground  oats  (Scotch  oatmeal)  as  exclusively 
as  possible. 

2.  It  must  contain  all  the  elements  needed  to  maintain  the  metabolic  bal- 
ance;  namely,  the  requisite  number  of  calories,  the  relative  amounts  of  protein, 
fat,  and  carbohydrates. 

3.  The  food  requirements,  compiled  from  Friedenwald  and  Ruhrah's^**  (pages 
48-79)  data  corresponding  to  the  age,  sex  and  occupation  of  the  experimenter, 
must  be  met,  if  necessary,  by  additional  foodstuff's  containing  as  little  cholesterol 
as  possible. 

According  to  Voit,  Rubner,  Tigerstedt,  Atwater  and  Benedict. ^^^  quoted  by 
Ruhrah,^^  (pages  51-54),  the  daily  food  requirements  of  tiie  male  adult  doing  light 
and  modcratelv  lijrht  work  are  as  follows : 


Voit :      Physician    at    moderate    work, 
I^ubncr:      Male   adult   at   moderate   work, 
Tigerstedt:     Shoemaker  at  moderate  work,     2,001-2,400 
Atwater:     German    physician, 
Japanese  professor. 


CALORlIiS 

TROT KIN 

I'AT 

CAunonvitRATKs 

r.M. 

c,  ^t. 

CM. 

2,833 

127 

89 

362 

2,600 

,001-2,400 

2,680 

131 

9.S 

Zll 

2,380 

123 

21 

416 
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Friedenwald  and  Ruhrah^®   (page  69)   suggest  the  following  standard: 

For  light  work,  17  calories  per  pound  of  body  weight. 
For  moderate  work.  20  calories  per  pound  of  body  weight. 

They  state  further  (pages  55-56)  that  "curiously  enough,  mental  work  does 
not  apparent!}-  utilize  heat  or  energy  in  the  ordinary  way In  a  respi- 
ration colorimeter,  hard  mental  work;  i.e.,  the  working  out  of  abstruse  mathe- 
matical problems  requiring  hours  of  time,  does  not  cause  any  difference  in  regis- 
tration. The  same  apparatus,  however,  is  sufficiently  sensitive  to  register  the  heat 
generated  by  turning  over  in  bed  or  by  raising  an  arm."  In  discussing  the  relation 
of  sex  and  body  weight  to  food  values  required,  they  state^*  (page  57)  :  "On 
an  average,  women  are  only  about  four-fifths  as  large  as  men,  and  consequentl}" 
dietaries  for  groups  of  women  will  require  four-fifths  the  amount  of  food." 

In  consideration  of  these  data  and  since  carbohydrates  were  to  form  the 
chief  component  of  the  oatmeal  diet,  the  food  requirement  of  the  Japanese  pro- 
fessor given  by  Atwater,  divided  by  four-fifths,  were  used  as  the  basis  for  the 
oatmeal  experiment. 

FOOD  REQUIREMENTS 
EXPERIMENTER  OCCUP.'.TION  CALORIES         PROTEIN  FAT  CARBOHYDRATES 

GM.  GM.  GM. 

40  years  old  ;  Laboratory  research, 

Weight,  134.5  lb.       Mental,    light    manual,  2,000  100  30  325 

The  amount  of  fat  was  increased  somewhat  because  the  climate  is  rigorous, 
the  experiment  being  made  at  the  beginning  of  the  cold  season  between  October 
'26  and  November  1,  and  because  a  libei^al  margin  of  fat  in  the  diet  might  also 
guard  against  the  combustion  of  the  body  fat.  Moreover,  the  values  quoted 
above  would  coincide  satisfactorily  with  Ruhrah's  estimate  of  the  food  require- 
ments of  a  woman  weighing  134.5  pounds  at  light  work — 17  (calories  per  pound 
of  body  weight,  man  at  light  work)  x  134.5  (pounds  body  weight)  -f-  % — and 
the  relative  caloric  values  given  by  him  for  protein,  fat  and  carbohydrates : 

1  gram  protein  =i4  calories  100  grams  protein  =   400  calorie<; 

1      "       fat  =9        "  30      "         fat  =   270 

1      "       carbohydrates  =4         "  332      "         carbohydrates        =1328         " 

Total 1998 

From  the  figures  given  by  Friedenwald  and  Ruhrah^^  (page  49),  the  fuel 
value  of  oatmeal  and  its  relative  percentage  of  protein,  fat,  and  carbohydrates 
may  be  calculated  as  follows : 

CALORIES  PROTEIN     ■  FAT  CARBOHYDRATES 

Oatmeal  (raw)  1  lb.  1800*        67gm.  (15%)         22gm.  (5%)         360gm.  (80%) 

*Rolled  cats  =  18.S0. 

Consequently  the  consumption  of  one  pound  of  oatmeal  would  almost  suf- 
fice to  meet  the  food  requirements,  the  slight  deficit  in  the  calories  and  protein 
being  easily  balanced  by  the  addition  of  a  small  amount  of  other  food  with  low 
cholesterol  content,  while  the  surplus  of  carbohydrates'  (28  gm.)  contained  in  the 
oatmeal  made  up  the  deficit  in  fat.  (2.5  gm.  of  carbohydrate  being  equivalent  to 
1  gm.  of  fat.) 
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An  unexpected  difficulty  presented  itself,  however,  in  the  process  of  cook- 
ing, owing  to  the  amount  of  water  absorbed  by  the  cereal,  the  original  bulk  of  oat- 
meal increases  no  less  than  four  times.  As  a  result,  the  consumption  of  a  whole 
pound  of  oatmeal  in  its  magnified  form  proved  to  be  a  physical  impossibility, 
defying  the  most  determined  efforts.  A  compromise  had  to  be  resorted  to  and 
the  following  diet  was  adopted : 


CALORIES 

PROTEIN 

FAT 

CARBOHYDRATES 

GM. 

GM. 

GM. 

Oatmeal,  ^  lb.  (raw 

weight) 

1200 

48 

16 

240 

Oranges,  3 

180 

0 

0 

18 

Milk,  2  glasses 

320 

14 

24 

30 

Sugar,  Va             lb. 

450 

0 

0 

112 

Dried  beef,  ^  lb. 

66 

16 

3 

0 

2216  78  ZZ  400 

In  this  combination,  the  total  minimum  requirement  in  calories  was  slightly 
exceeded,  while  the  carbohydrate  surplus  of  100  gm.  amply  made  up  for  the  pro- 
tein deficit  of  22  gm.,  since  according  to  Rubner,  232  gm.  of  carbohydrates  repre- 
sent a  fuel  value  equivalent  to  211  gm.  of  protein.  The  diet  seemed  to  guarantee 
a  perfect  maintenance  of  the  metabolic  balance,  whereas  the  amount  of  cholesterol 
contained  in  2  glasses  of  milk  and  Y^  lb.  of  dried  beef  (the  latter  chosen  on 
account  of  the  salts  and  relatively  small  bulk)  was  far  below  that  provided  in  eggs, 
butter,  and  meat  during  the  ordinary  mixed  diet.  (Milk  0.080  mg.  cholesterol; 
dried  beef  0.181  mg.  cholesterol.     (See  Table  II.) 

The  following  results  were  obtained  on  the  six  days  of  oatmeal  diet :  Within 
three  days  the  blood  cholesterol  rose  from  0.266  mg.  to  0.400  mg. ;  simultaneously 
the  lymphoid  defense  dropped  from  31  to  24  per  cent  (Table  VII).  As  in  previous 
experiments,  the  cytology  of  the  blood  kept  pace  with  these  changes,  for  as  the 
blood  cholesterol  reached  its  maximum  and  the  lymphoid  defense  its  minimum, 
the  ringform  and  bizarre  forms  of  neutrophil  leucocytes  increased  from  2  and  3 
per  cent  respectively  to  8  and  12  per  cent.*  A  steady  increase  in  weight  accom- 
panied the  above  changes,  showing  that  they  were  in  no  wise  due  to  insufficient 
nutrition.  On  the  fifth  day  of  the  experiment  there  was  a  sudden  rise  in  the 
lymphocyte  count  from  24  to  31  per  cent,  preceded  by  a  peculiar  sharp  pain  in 
the  left  side  the  day  before.  This  pain  was  confined  to  the  region  of  the  spleen. 
It  differed  from  the  pain  caused  by  flatulence  inasmuch  as  starting  at  4  o'clock 
p.  M.,  it  never  shifted  or  abated  until  about  11:30  p.  ]M.  when  the  experimenter 
fell  asleep.  During  the  two  following  days  the  splenic  region  remained  very  sore 
but  the  pain  was  no  longer  acute.  The  fact  that  the  sudden  increase  in  the 
lymphocyte  count  was  preceded  by  pain  in  the  region  of  the  spleen  suggests  that 
an  increased  activity  of  that  organ  may  have  been  accompanied  by  a  certain  amount 
of  swelling.  The  pain  itself  was  caused  in  all  probability  by  adhesions  around  the 
-[)leen  due  to  attacks  of  "Dutch  malaria"!   from  which  the  writer  suft'ered  for 

*It  will  I)c  rctnenibcrol,  that  all  the  data,  hlood  counts,  cholesterol  values,  and  weight  were  taken 
before  breakfast  ihrouRhout  these  experiments  and  that  consequently  digestive  leucocytosis  can  be  eliminated 
as  a  cause   of  the  sudden   chanfjc   in  the   lymphocyte   count. 

fOutch  malaria"  is  cliincally  known  as  recurrent  fever.  The  cause  of  the  illness,  the  spirilla  obcr- 
ineicri,  was  found  in  the  writer's  blood  at  the  time.  Allhough  the  disease  can  be  ilifferentiated  bacteriologi- 
cally  from  other  types  of  malaria,  the  subjective  symptoms  arc  practically  identical.  The  spleen  and  the 
liver  are  often  foiiiid  enlarged,  l)Ut  these  lindings  are  by  no  means  constant,  and  Ihev  diil  not  occur  in  the 
writer's  case.  During  one  attack,  however,  a  severe  throbbing  [)ain  was  felt  in  the  splenic  region  and  lasted 
for  several  weeks.  This  may  have  been  caused  by  perisplenitis  or  by  a  splenic  abscess.  Since  in  the 
absence  of  a  marked  enlargement  of  the  spleen  neither  of  these  conditions  can  be  diagnosed  with  certainty 
in  the  living,   the   autopsy   report  alone   can   give  conclusive   evidence. 
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several  years,  but  of  which  no  recurrence  had  been  observed  during  the  past  six 
years. 

The  deUcate  and  automatic  self-adjustment  by  which  the  normal  balance  is 
regulated  in  health  is  again  illustrated  by  this  experiment.  After  the  blood 
cholesterol  had  reached  the  maximum  of  0.400  mg.,  the  lymphocytic  reaction 
alone  seems  to  have  been  unable  to  restore  the  balance  and  the  blood  cholesterol 
was  again  reduced  by  increased  peristalsis  as  in  the  "all  meat"  diet.  The  cause 
of  the  increased  peristalsis  will  be  considered  in.  the  discussion.  As  soon  as  the 
ordinary  mixed  diet  was  used  the  increase  in  weight,  from  134.5  lb.  to  136.5  lb., 
also  disappeared  and  the  normal  weight,  134.5  lb.,  which  had  been  constant  for 
several  years,  was  again  registered  within  six  days.  The  gradual  loss  of  weight 
increase  was  accompanied  by  a  slight  rise  of  the  blood  cholesterol  (0.266  mg., 
0.295  mg.,  0.347  mg.),  showing,  that  although  the  increase  in  weight  may  have 
been  due  in  part  to  the  absorption  of  water  from  the  oatmeal  diet  by  the  tissues, 
a  certain  amount  of  fat  had  also  been  produced,  as  reduction  of  fat  is  accom- 
panied by  a  rise  in  the  blood  cholesterol  (Aschoff,  Rothschild).  After  the  fifth 
and  sixth  days,  the  normal  cholesterol  value,  0.266  mg.,  remained  constant.  The 
lymphoid  defense  was  still  slightly  below^  the  figure  observed  at  the  beginning  of 
the  experiment,  but  the  numbers  of  atypical  neutrophils,  ringforms  and  bizarre 
forms  had  returned  to  3.5  and  3  per  cent  respectively. 

At  the  time  of  writing,  Dec.  30,  1916,  the  blood  cholesterol,  lymphoid 
defense,  atypical  neutrophils  and  weight  are  as  follows,  the  usual  diet  having 
been  eaten  since  the  end  of  the  experiment :  Blood  cholesterol  0.275  mg. ; 
lymphoid  defense,  32  per  cent;  atypical  neutrophils,  ringforms,  1.5  per  cent, 
bizarre  forms,  2.5  per  cent;  weight,  135.0  lb.  These  figures  seem  to  support  the 
deduction  that,  under  normal  conditions  there  is  a  constant  relation  between  the 
above  named  factors. 

DISCUSSION 

j  Whereas  the  influence  of  the  diet  on  the  blood  cholesterol  and  the  cytology  of 

i     the  blood  seems  sufficiently  clear  in  our  experiments  to  require  no  further  com- 

{      ment,  three  other  ])oints   must  be  briefly  discussed;  namely,   the   cause  of   the 

increase  in  the  blood  cholesterol  during  the  oatmeal  diet  which  contained  less 

cholesterol   than  the   ordinary  mixed   diet,   the   cause   of   the   slight  attacks   of 

diarrhea,  which  occurred  whenever  the  cholesterol  values  reached  their  maximum, 

I     and  the  significance  of  the  atypical  neutro])hils. 

It  has  already  been  stated  that  the  increase  of  the  blood  cholesterol  in  the 
oatmeal  experiment  did  not  furnish  conclusive  evidence  as  regards  the  synthesis 
of  cholesterol  from  cholesterol-free  food,  even  though  Dezani's  work  seemed  to 
j  prove  that  cholestei-ol  can  be  synthetized  under  special  conditions.  The  lack  of 
definite  proof  in  our  case  may  be  readily  explained  by  the  fact  that  the  methods 
used  by  Dezani  for  the  determination  of  the  total  cholesterol  of  his  mice  could 
not  be  applied  in  the  writer's  work  for  obxious  reasons.  As  the  increase  of  the 
cholesterol  values  could  bo  ascertained  in  the  writer's  experinienls  onl\-  b\-  means 
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of  small  blood  samples,  the  possibility  remained  that  cholesterol  stored  in  various 
organs,  the  adrenals  and  the  liver,  for  instance,  had  been  mobilized  in  some  way 
by  the  diet,  and  that  the  increase  was  due  to  a  mobilization  rather  than  to  an 
actual  synthesis.  Although  this  deduction  seemed  plausible,  it  could  not  be  veri- 
fied, of  coLirse,  and  the  rise  of  the  blood  cholesterol  on  a  cholesterol-poor  food 
was  by  no  means  explained.  Mueller's^*  recent  investigations  may  furnish  a 
satisfactory  explanation,  however,  inasmuch  as  he  was  able  to  show  that  "the 
pancreas  plays  a  hitherto  unsuspected  part  in  cholesterol  metabolism.  Although 
it  had  been  known  for  some  time  that  high  cholesterol  values  are  by  no  means 
rare,  if  not  constant,  in  diabetes,  the  observation  had  not  been  accounted  for  so  far 
as  the  writer  is  aware.  Mueller'*  analyzed  the  gastroduodenal  content  of  dogs 
after  cholesterol  feeding  and  studied  cholesterol  absorption  in  the  digestive  tract 
after  elimination  of  the  bile  and  pancreatic  secretion  (biliary  fistula,  ligation  or 
resection  of  the  pancreatic  duct.  He  also  studied  the  effect  of  the  digestive 
enzymes  on  cholesterol  in  I'itro  and  found  that  the  pancreatic  secretion  was 
needed  for  the  formation  of  cholesterol  esters ;  that  no  cholesterol  could  be 
absorbed  by  the  intestine  without  esterification ;  that  no  cholesterol  absorption 
took  place  after  ligation  of  the  pancreatic  duct;  and  that  biliary  fistulas  lessened, 
but  did  not  prevent  the  absorption  of  cholesterol,  (the  latter  observation  is  in 
contradiction  to  Rothschild's  findings),*^  but  that  the  formation  of  cholesterol 
esters  was  markedly  accelerated  by  the  combined  action  of  the  bile  and  the 
pancreatic  juice. 

The  bearing  of  Mueller's  investigations  on  our  experiment  appear  to  be  as 
follows :  It  seems  possible  that  as  the  amount  of  carbohydrates  provided  in  the 
oatmeal  diet  was  relatively  greater  than  the  amount  usually  consumed  in  the 
mixed  diet,  (though  it  did  not  greatly  exceed  the  average  carbohydrate  require- 
ments suggested  by  Friedenwald  and  Ruhrah),  the  increased  demands  on  carbo- 
hydrate metabolism,  and  especially  the  sudden  change  of  diet,  may  have  some- 
what overtaxed  the  pancreas.  If  this  deduction  be  correct,  the  greater  part  of 
the  pancreatic  secretion  may  have  been  used  to  metabolize  the  sudden  increase 
of  carbohydrates  and  but  little  of  its  activity  could  have  been  devoted  to  the 
esterification  of  the  body  cholesterol.  Since  free  (nonesterized)  cholesterol 
can  not  be  absorbed  by  the  intestinal  mucosa,  it  would  have  remained  in  the 
circulation,  causing  a  rise  in  the  blood  cholesterol.  It  is  to  be  regretted  that 
Mueller's^*  publication  was  not  available  at  the  time  of  our  experiment  and  that 
consequently  the  effect  of  the  oatmeal  diet  on  the  pancreas  was  not  taken  into 
consideration.  Although  urinalysis  had  given  normal  results  both  during  the 
oatmeal  diet  and  in  the  previous  experiments,  it  is  possible  that  blood-sugar 
determinations  might  have  revealed  a  slight  degree  of  glykemia  and  thus  also 
have  corroborated  the  above  deduction. 

The  slight  attacks  of  diarrhea  which  occurred  in  the  experiments  here  re- 
ported whenever  the  blood  cholesterol  reached  a  given  maximum,  have  been 
interpreted  by  the  writer  as  an  evidence  of  the  automatic  regulation  of  the 
cholesterol  balance.  This'  interpretation  may  be  defended  on  the  following 
grounds :  Although  an  exclusive  diet  of  fruit  and  vegetables  is  known  to  stimu- 
late the  activity  of  the  intestinal  mucosa  and  to  increase  peristalsis,  the  bowel 
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movements  were  absolutely  normal  during  the  experimental  fruit  and  vegetable 
diet.  At  the  same  time,  the  blood  cholesterol  dropped  below  normal  whereas 
ihe  lymphoid  defense  was  only  slightly  higher  than  usual.  The  writer's  observa- 
tions on  the  prompt  readjustment  of  the  cholesterol  values  after  digestion  also 
suggest  that  a  health}-  organism  has  natural  means  at  its  disposal  by  which  it 
can  and  does  prevent  the  accumulation  of  cholesterol  in  the  blood.     In  relation 


Fig.    1. — Atypical    iu'iilrof>liils   in   flic   hlood    in   circinoina   of   llic   siRrnoiil :      RinRforni.s. 
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to  this  normal  automatic  regulation  of  the  cholesterol  balance,  as  well  as  the 
increase  of  the  blood  cholesterol  found  in  a  great  many  carcinoma  cases,  and 
the  efifect  of  cholesterol  on  cell  proliferation  referred  to  at  the  beginning  of  this 
paper,  the  almost  constant  reference  to  "chronic  constipation  alternating  with 
diarrhea"   which  the  writer  has   observed   in   the   clinical   histories   of   a   great 
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Eig.    2. — Atypical    neutrophils    in    carcinoma    of   the    sigmoid:      Bizarre    forms. 
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I     number  of  patients  suffering  from  various  types  of  cancer,  may  not  be  without 
,(     significance. 

The  significance  of  the  atypical  neutrophils  is  still  a  matter  of  speculation. 
!      Their  unusual,  often  fantastic,  morphology  seems  to  make  them  worth  consider- 
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Fig.    3. — Atypical    ncutropliils    in    the    blood    of    thr    writer   during    exclusive    iiicat    diet.      (Jinie    2",    l^fU).) 
Kingforms,    4.5    per   cent:      liizarrc    forms,    9    per    cent. 
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ing.  The  increase  of  their  numbers  in  carcinoma,  and  under  certain  dietary 
conditions  reported  by  Gruner  and  corroborated  in  the  writer's  findings,  may  be 
important,  especially  as  in  the  latter  instance  their  increase  appeared  to  accom- 
pany the  increase  of  the  blood  cholesterol.  The  assumption  that  their  peculiar 
morphology  may  be  in  some  way  connected  with  the  chemistry  of  the  blood 
would  seem  to  be  supported  by  Weidenreich's  reference  to  internal  causes  (con- 
ditions of  nutrition?)  in  his  classic  work  on  the  morphologic  evolution  of  the 
nucleus  in  the  polymorphonuclear  leucocyte.  Weidenreich  states  emphatically 
that   the    configuration   of    the   nucleus    in    the    "finely    granular"    (feinkornig) 
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F'g-  '-l. — Atypical  neutrophils  in  the  writer's  blood  during  exclusive  meat  diet.      CJune  28.   1916.)      Ringforms 
5.6    per    cent:      Bizarre    forms,    5.0    per    cent.      Xo.    4,    latge    lymphocyte,    lower    field. 


polymorphonuclears  is  due  to  internal  causes,  as  well  as  to  the  morphologic 
differentiation  of  the  nucleus  itself.  He  considers  that  in  perfect  specimens  the 
var;ed  shapes  of  the  nuclei  are  "neither  artefacts  nor  instantaneous  pictures  of 
some  i)hase  of  the  motility  of  the  protoplasm  (".  .  .  .  dass  die  gelappten  Kerne 
der  feinkornigen  Leukocyten  weder  Kunstprodukte  noch  Augenblicksbilder  einer 
durch  die  Protoplasmabewegung  standig  ummodellierbaren  Krenmasse  ohne 
prazisem  Formkarakter  darstellen.")  (p.  239).  Only  perfect  cells  that  show  no 
trace  of  crushing  or  friction  have  been  included  in  the  writer's  counts,  as  may 
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be  seen  from  the  photomicrographs,  Figs,  1,  2,  3,  4,  6,  and  7.  Weidenreich  looks 
upon  the  more  compact  nuclei,  solid  irregular  disks.  Fig.  2,  No.  1,  for  instance 
(the  solid  bars,  J  and  L  shapes.  Fig.  1,  Nos.  7,  8  and  9,  may  perhaps  also  come 
under  this  heading)  as  "juvenile  forms"  (Jugendformen),  that  will  pass  through 
various  stages  of  morphologic  differentiation  until  they  present  the  well-known 
picture  of  the  fragmented  nucleus  the  component  parts  of  which  are  united  bv 


Fig.     5. — Scotch    oatmeal:       IJroken    oats.       Observe    that    the    husks    alone    have    been     removed     and    the 
slightly   hairy  cajisule   is   still   visible   on   many  of  the  grains.      (Approximately    10   diameters.) 


slender  threads.     The   relative  position   of  the   fragments  may  be   intlueiiced  to 

a  certain  extent  by  the  motility  of  the  inotoplasm,  according  to  Weidenreich, 
j  but  this  motilit}'  plays  only  a  secondary  pari   in  llie  iiioi  pbology  of  the  nucli-us. 

That  any  circular  arrangement  of  the  nuclear  fragments  is  (hie  to  the  inesence 
j  of  a  "central  body"  (Centralkor])er)   he  considers  "out  o\   the  (|m'>lion."'     '.Prue 

rings  and  figure-of-eight  shapes  arc   found   in   the  blood   of   rats,-'"*    (page  220). 

Tn  human  blood  the  overlapping  of  the  ends  of  the  inule.ir  thread  nia\    produce 
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similar  shapes,  but  these  should  be  looked  upon  as  "pseudo-rings."  This  over- 
lapping can  be  clearly  seen  in  several  of  the  writer's  photomicrographs  (Fig. 
1,  Xos.  4,  8,  9;  Fig.  3,  No.  6;  Fig.  4,  Nos.  1,  5,6;  Fig.  7,  Nos.  1,  2)  though  in 
many  instances  the  process  of  overlapping  can  hardly  be  traced  (Fig.  1,  Nos!  1, 
5;  Fig.  3,  Nos.   1,  2,  3,  4;  Fig.  4,  No.   1;  Fig.  6,  No.  2).     Two  neutrophils 


Fig.   6.— Atypical   neutrophils   in   the   writer's   blood   during   oatmeal   diet.      (October   31,    1916.)      Ringforms, 
6    per    cent:      Hizarre    forms    5    per    cent.      No.    5,    large    lymphocyte   to    right. 
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showing  a  strong  resemblance  to  a  figure  eight  may  be  found  in  Fig.  4,  No.  4 
and  Fig.  7,  No.  3.  \\'hatever  the  cause  of  the  phenomenon  may  be  there  seems 
to  be  a  curious  tendency  to  pseudo-ring  formation  both  in  the  blood  of  the 
carcinoma  patient  and  in  that  of  the  writer  when  the  blood  cholesterol  reaches 
its  maximum.     The  gradual  closing  of  the   ring  in  the  blood  of   a  carcinoma 
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F'K-  7. — Atypical   neutrophils  in  the  writer's  Ijlood  during     oatmeal  diet.      (Novenil)er    I,    T'lf).)      Kinnfornis, 
6  per  cent:      Hizarre,   7   per  cent.      No.    5,   large   lynijdiocyte. 
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Fig.  8.— Evolution  of  the  nucleus  in  the  neutrophil  polymorphonuclear  leucocytes.  (After  Weiden- 
reich.)  No.  15,  a  to  am:  Normal  human  blood.  No.  16,  a  to  w:  Uucemic  human  bloody  ISo  y.  «  "  '^ 
Eosinophile    leucocytes    in    kucemic    blood.      Observe    that    the    only    nucleus    of    the    ring    type    resembluij; 


Eosinophi._    ,    -. 

the  writer's  photomicrographs  is  in  the  leucemic  blood:     Ivo.   16,   1. 
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patient  may  be  traced  in  Fig.   1,  No.  3.     In  the  blood  of  the  writer,  ring-like 

forms  were  found  even  among  the  large  lymphocytes  (Fig.  4,  No.  4;  Fig.  6,  No. 

5;  Fig.   7,   No.   5).     The  morphologic  evolution  of   the  nucleus,   described  by 

Weidenreich,  is  illustrated  by  a  reproduction  of  one  of  his  illustrations  (Fig.  8). 

The  fact  that  the  only  cell  in  the  diagrams  which  bears  a  close  resemblance  to 

the  writer's  photomicrographs,   was   found  by  Weidenreich   in   leukemic  blood 

(Fig.  8,  No.  16,  1)  may  be  more  than  a  mere  coincidence,  since  the  relation  of 

leucemia,  pernicious  anemia  and  carcinoma  has  been  discussed  by  hematologists 

as  well  as  pathologists  (Pappenheim,  Heinrichsdorff,  Slye,^°  and  Slye,  Holmes 

,     and  Wells^^).     "The  leukemic  process  is  to  be  regarded  as  a  generalized  pro- 

!    liferation  (Der  leukamische  Prozess  ist  als  eine  generalisierte  Wucherung  auf- 

;     zufassend"  Grawitz,  page  244.)     (Figs.  1,  2,  3,  4,  6,  7,  and  8.) 

I  Definite  conclusions  concerning  the  diagnostic  value  of  these  atypical  neu- 

1    trophils  are  undoubtedly  premature,  but  the  fact  that  their  numerical  increase  is 

,    directly  proportional  to  the  cholesterol  value;  i.e.,  the  chemical  composition  of 

the  blood,  both  in  the  diet  experiments  here  reported  and  in  an  advanced  case 

,    of  carcinoma,  and  inversely  proportional  to  the  lymphoid  count,  may  be  signifi- 

!    cant;  it  recalls  Weidenreich's  suggestion  that  the  study  of  the  atypical  leucocytes 

[    might  not  be  without  practical  value  and  "might  open  up  new  perspectives" 

("es  ware  nicht  tmmoglich  dass   sich   dadurch  neue   Gesichtspunkte   gewinnen 

liessen"). 

That  the  chemical  composition  of  the  blood  can  be  changed  by  dietetic 
measures  within  a  few  days  has  been  shown  repeatedly  in  these  investigations. 
The  blood  cholesterol  w^as  reduced  by  one-third  in  two  days  by  means  of 
Gruner's  diet  and  increased  as  much  in  three  to  four  days  by  the  meat  and 
oatmeal  experiments.  Now  if  the  cytolog}^  of  the  blood  and  even  the  mor- 
pholog}'  of  the  neutrophil  leucocytes  can  be  influenced  by  the  chemical  compo- 
sition of  the  blood  to  the  extent  seen  in  the  experiments  here  reported,  it  is 
hardly  to  be  expected  that  other  cells  should  be  insensitive  to  this  influence.  We 
know  that  the  life  of  every  cell  in  the  body  depends  on  its  blood  supply.  W^e 
have  seen  that  the  chemical  composition  of  the  blood  depends  to  a  certain  extent, 
at  least,  on  the  chemical  composition  of  the  diet.  If  we  consider  that  dietary 
conditions  may  continue  imaltered  for  months  and  years  and  that  the  chemical 
composition  of  the  blood  will  affect  body  cells  during  this  entire  period,  the 
influence  of  the  diet  on  cell  growth  or  cell  proliferation  can  not  be  discarded  as 
merely  hypothetical. 

There  is  every  reason  to  assume  that  cholesterol  plays  a  part  in  the  formation 
of  new  cells.  If  we  admit  that  cancer,  i.  e..  undue  prolifcralion,  almost  inva- 
i  riably  occurs  on  the  site  of  old  lesions  where  the  normal  process  of  reparative 
proliferation  is  already  active  and  further  stimulation  will  be  most  readily 
responded  to,  the  significance  of  the  cholesterol  conk-nt  of  liu'  Mood  can  not 
be  ignored. 

The  inheritability  of  the  tendency  to  tumor  formation  has  bi-cn  proved 
repeatedly  by  Slye^"'  °°'  ^^'  ^-'  ^•'^  in  her  obserxations  on  mice,  and  the  inherita- 
bility of  specific  organs  has  been  shown  conclusively  by  her  brilliant  report  on 
tumors  of  the  liver"  in  the  same  animals.     In   this   re])()rt   sixty-two   i)rimary 
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liver  tumors  could  be  traced  in  the  direct  descendants  of  one  female  mouse  with 
a  malignant  adenoma  of  the  liver  and  a  sarcoma  of  the  mammary  gland.* 

The  number  of  liver  tumors  and  their  spontaneous  transmission  in  Slye's 
mice  are  equally  remarkable  as  only  one  tumor  of  the  liver  in  mice  has  been 
reported  elsewhere.  From  the  inheritability  of  specially  disposed  organs  the 
hereditary  transmission  of  inadequate  organs  may  be  logically  deduced  and  if  the 
organs  thus  transmitted  should  be  among  those  that  take  a  prominent  part  in 
metabolic  function  (the  liver,  for  instance),  faulty  metabolism  can  reasonably 
be  expected  in  the  generations  that  inherit  such  organs'.  The  tendency  shown 
by  certain  types  of  cancer  to  appear  in  various  members  of  human  families  is 
not  unknown  in  medical  circles,'-'  ^®'  ^^  and  the  assumption  that  the  influence 
of  metabolism  on  this  tendency  may  be  important  is  supported  by  Burrow's 
conclusions  from  his  experiments  on  the  growth  of  tissue  in  vitro:     "If  these 

experiments    are    substantiated the    problem    of    cell    growth    is 

brought  into  the  domain  of  chemistry.  Thus  problems,  such  as  confront  us  in 
cancer,  are  greatly  narrowed."  It  is  the  writer's  conviction  that  faulty  metabo- 
lism;  i.  e.,  the  inability  of  the  organism  to  metabolize  certain  kinds  of  food  (meat 
may  be  among  these),  may  play  a  far  greater  part  in  the  incidence  of  cancer 
than  has,  hitherto,  been  generally  accepted. 

CONCLUSIONS 

A  consideration  of  the  work  of  other  observers  and  of  the  writer's  experi- 
ments herein  detailed  seems  to  warrant  the  following  conclusions : 

1.  The  influence  of  the  chemical  composition  of  the  food  on  the  chemical 
composition  of  the  blood  in  increasing  or  diminishing  the  amount  of  cholesterol 
therein  is  clearly  demonstrated. 

2.  A  diet  which  increases  the  blood  cholesterol  coincidently  weakens  the 
lymphoid  defense. 

3.  A  diet  which  reduces  the  blood  cholesterol  coincidently  increases  the 
lymphoid  defense. 

4.  In  persons  predisposed  to  carcinoma  an  increase  of  the  cholesterol  and 
a  weakening  of  the  lymphoid  defense  such  as  may  occur  with  the  prolonged  use 
of  a  diet  adapted  thereto,  may  perhaps  result  in  the  development  of  carcinoma. 

5.  Dietetic  measures  calculated  to  reduce  the  blood  cholesterol  and  coinci- 
dently increase  the  lymphoid  defense  may  yet  prove  to  be  of  value  in  the  treat- 
ment of  carcinoma. 
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ON  THE  DEVELOPMENT  OF  A  METHOD  FOR  EARLY  DIAGNOSIS  OF 
TUBERCi^^OSIS  BY  THE  USE  OF  THE  X-RAYED  GUINEA  PIG* 


By  W.  H.  Eckford,  A.B.,  Pittsburgh,  Pa. 


THE  inoculation  method  has  long  been  recognized  and  still  stands  as  the"  most 
reliable  test  at  our  command  for  the  diagnosis  of  early  or  obscure  tuber- 
culous lesions.  The  chief  objections  to  the  method  are  that  a  positive  virus 
requires  a  long  time  to  develop  in  the  inoculated  animal  and  that  some  animals 
have  sufficient  natural  resistance  to  overcome  a  mild  infection.  For  these  reasons 
any  means  of  effectively  breaking  an  animal's  resistance  so  that  the  length  of 
time  is  decreased  and  the  "take"  made  more  certain  is  worthy  of  a  thorough 
trial. 

Murphy  and  Ellis^  showed  that  white  mice  were  remarkably  more  suscep- 
tible to  bovine  tuberculosis  after  having  been  exposed  to  the  x-ray  than  were 
normal  animals.  They  offered  as  an  explanation  the  destruction  of  the  lymphoid 
tissue  which  they  cited  as  an  important  factor  in  the  defensive  mechanism 
against  tuberculosis.  Morton,-  assuming  that  the  guinea  pig  would  be  affected 
in  a  like  manner,  tried  the  x-ray  on  a  series  of  inoculations.  He  reported  that 
when  animals  were  subjected  to  a  massive  dose  of  x-ray  about  the  time  of  in- 
oculation, they  were  so  sensitized  as  to  reduce  the  time  of  development  of  recog- 
nizable lesions  to  ten  days.  He  intimated  that  repeated  exposures  might  be 
more  effective  but  were  unnecessary.  He  found  marked  reductions  in  the  leu- 
cocyte counts  following  the  exposure. 

Haythorn  and  Lacy,'  while  carrying  out  some  studies  in  the  healing  process 
of  tuberculous  lesions  treated  by  the  x-ray,  noted  the  continued  fall  in  the  resist- 
ance and  the  rapid  extension  of  the  lesions  under  frequently  repeated  large  doses 
of  x-ray.  Their  findings  confirmed  the  decrease  in  the  total  number  of  leuco- 
cytes after  a  large  dose  of  x-ray,  but  they  did  hot  find  the  decrease  in  the  lympho- 
cytes as  described  by  Murphy  and  Ellis.  They  suggested  that  the  well  known 
inhibiting  influence  of  x-ray  on  the  glands  of  internal  secretion  might  be  in  a 
measure  responsible  for  the  decreased  resistance  of  the  animal. 

With  the  idea  of  working  out  a  practical  routine  procedure  for  sensitizing 
guinea  pigs  in  the  rapid  diagnosis  of  tuberculosis  by  means  of  the  inoculation 
method  a  small  group  of  animals  weighing  as  nearly  260  grants  each,  as  it  was  pos- 
sible to  get,  were  inoculated  with  a  uniform  dose  of  tubercle  bacilli  and  given 
different  doses  of  x-ray  at  varying  intervals.  The  uniform  dose  of  tubercle 
bacilli  was  obtained  by  adding  a  few  loops  of  tubercle  bacilli  from  a  culture  of 
human  bacillus  tuberculosis  to  normal  salt  and  placing  the  mixture  in  a  vaccine 
bottle  containing  glass  beads  and  shaking  them  for  one  hour  in  an  electric  shaker. 
An  equal  amount  of  20  per  cent  India  inkf  in  normal  salt  was  added  and  onedialf 
cubic  centimeter  of  the  suspension  injected  into  both  thr  groin  and  the  peritoneal 


•Reported   from   the  William   II.    Singer   Memorial   Rcsearcli    Laboratory,    rittslnirgh,   Pa. 
tThe  India  ink  was  introduced  for  the  purpose  of  marlcing  the  tubercles  so  that  the  results  could  be 
Used  in  connection  with  a  separate  piece   of  work. 
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sac  of  each  of  the  animals.  As  the  whole  group  was  inoculated  from  the  same 
suspension,  each  animal  received  approximately  the  same  dose  of  the  tubercle 
bacilli.  The  dose  of  x-ray  was  given  with  a  Coolidge  tube.  The  current  was 
60,000  volts,  spark  gap  six  inches ;  filter  one  half  millimeter  of  aluminum ;  target 
twelve  inches;  length  of  time  five  minutes.  The  animals  were  examined  each  day 
and  the  effects  on  general  condition,  time  of  appearance  of  nodules,  progress  of 
lesions,  etc.,  were  noted.     Leucocyte  and  differential  counts  were  made  regularly. 

Two  inoculated  animals  and  a  control  which  received  pigment  only,  were 
given  a  single  massive  dose  lasting  ten  minutes.  This  was  twice  the  dose  given 
the  other  animals.  All  three  developed  nodules  on  the  fourth  day.  By  the 
eighth  day  the  nodule  in  the  control  had  disappeared  and  those  in  the  inoculated 
animals  had  enlarged  to  the  size  of  a  cherry  stone.  One  remained  about  the  same 
in  appearance,  the  other  developed  additional  nodules,  which  later  united  to  form  a 
mass  one  and  one-half  centimeters  in  diameter.  All  three  animals  retained  their 
sleekness  and  showed  little  emaciation  at  the  end  of  five  weeks.  They  all  con- 
tinued to  grow.  Leucocyte  counts  were  made  on  the  day  before,  the  day  after, 
and  every  fifth  day  after  the  x-ray  exposure.  The  results  were  unconvincing. 
There  was  an  initial  leucocytosis  due  probably  to  the  injection  of  pigment.  This 
was  followed  by  a  decrease  to  about  50  per  cent  of  the  normal  count.  The  dif- 
ferential counts  showed  the  first  rise  to  be  due  to  an  increase  in  polymorphonu- 
clear leucocytes.  The  later  differential  counts  showed  a  return  to  the  same 
relative  percentages  that  were  found  in  the  original  counts. 

A  second  set  of  two  animals  and  a  control  were  given  the  usual  dose,  the 
control  receiving  pigment  alone,  and  were  treated  on  alternate  days  with  a  five 
minute  dose  of  x-ray.  The  two  which  received  the  tubercle  bacilli  showed 
nodules  in  four  days,  which  continued  to  enlarge.  The  nodules  in  one  broke  down 
and  healed  over  twice  and  the  animal  died  on  the  thirty-third  day.  At  autopsy 
this  animal  was  found  to  be  greatly  emaciated  and  showed  miliary  tuberculosis  of 
the  peritoneum,  lymph  nodes,  liver,  spleen,  and  lungs.  The  other  animal  ran  a 
similar  but  somewhat  longer  course.  The  control  showed  a  nodule  at  first  which 
had  cleared  up  entirely  by  the  eighth  day.  The  general  condition  of  these  ani- 
mals was  bad  at  all  times,  they  did  not  grow  and  while  the  lesions  did  not  appear 
any  earlier,  the  extension  and  development  appeared  to  be  more  rapid.  Leucocyte 
and  differential  counts  were  made  on  the  day  following  each  dose  of  x-ray.  All 
three  animals  showed  an  initial  polymorphonuclear  leucocytosis  followed  by  a 
gradual  drop  to  an  average  of  53  per  cent  of  the  original  count.  The  relative 
number  of  leucocytes  and  lymphocytes  remained  practically  the  same. 

A  third  set  of  three  was  treated  on  every  sixth  day  and  one  animal  was 
treated  on  every  third,  but  the  results  were  so  similar  to  those  just  cited  that  no 
new  points  can  be  brought  out  by  giving  them  in  detail.  Two  animals  which 
received  no  injections  were  given  x-ray  treatments  on  alternate  days,  and  the 
leucocytes  counted.  They  showed  no  initial  rise,  but  the  decrease  in  the  cells 
w^ere  exactly  similar  to  those  found  in  the  ones  which  received  the  inoculations. 
There  was  no  relative  decrease  in  the  lymphocytes.  The  controls  which  received 
neither  inoculations  nor  treatments  remained  healthy  and  grew  rapidly. 

The  Singer  Laboratory  has,  since  the  use  of  the  x-ray  for  the  purpose  of 
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sensitizing-  animals  was  begun,  the  records  of  fifty-six  animals  that  have  been 
inoculated  either  with  known  tuberculous  or  suspected  tuberculous  material.  In 
several  instances  material  from  a  patient  has  been  injected  into  two  animals  at 
the  same  time,  one  animal  being  subjected  to  x-ray  while  the  other  was  not.  In 
one  such  instance  both  animals  showed  lesions  on  the  same  day,  but  the  rayed 
nodule  outstripped  the  other  in  the  rapidity  of  development.  In  another  instance 
the  x-ray  was  not  used  until  several  days  after  the  inoculation,  and  no  nodules 
had  appeared  at  the  time  its  use  was  begun.  Doses  were  then  given  on  alternate 
days  and  after  the  second  exposure  a  nodule  appeared  and  developed  rapidly. 

One  animal  which  had  been  injected  with  an  unknow^n  fluid  for  diagnosis 
was  killed  and  autopsied  as  soon  as  a  nodule  appeared,  but  neither  bacteriologic 
nor  microscopic  examination  showed  the  presence  of  tuberculosis.  It  later  de- 
veloped that  the  patient  from  whom  the  fluid  had  been  taken  had  tuberculosis, 
but  the  test  failed  because  the  animal  was  killed  before  the  lesions  were  suffi- 
ciently developed  for  diagnosis.  In  several  other  instances  growing  nodules  were 
removed  under  local  anesthesia  and  examined,  the  animal  being  allowed  to  live 
so  that  the  material  injected  into  the  peritoneum,  if  positve,  would  continue  to 
develop,  even  if  the  gland  findings  were  negative.  The  earliest  nodule  removed 
was  on  the  fourth  day  after  inoculation,  but  neither  the  bacilli  nor  characteristic 
changes  were  found.  One  animal,  which  received  a  very  large  dose  of  known 
tuberculous  material,  was  autopsied  on  the  tenth  day,  and  tubercle  bacilli  were 
present  in  the  smears  from  the  abdominal  organs.  The  glands  from  the  groin 
sho.wed  the  earliest  recognizable  histologic  tuberculous  rosettes.  Most  of  the 
animals  which  showed  positive  signs  were  not  autopsied  under  two  weeks. 

Throughout  the  work  it  was  obvious  that  the  rapidity  of  appearance  and 
development  of  the  nodules  depended  more  on  the  size  of  the  dose  of  tubercle 
bacilli  than  upon  the  amount  of  x-ray  given. 

Based  largely  upon  the  above  findings  the  following  routine  method  for 
using  x-rayed  guinea  pigs  in  the  early  diagnosis  of  tuberculosis,  is  recommended. 

The  material  must  first  be  prepared  for  injection.  If  it  is  sputum  or  is  of  a 
mucoid  nature,  it  is  subjected'  to  fifteen  minutes  digestion  with  4  per  cent  potas- 
sium hydroxide  after  Petrofif's  method  and  is  centrifuged  and  washed  before 
injection.  If  it  is  of  a  fibrinous  nature,  it  is  digested  in  15  per  cent  antiformin, 
the  length  of  time  depending  upon  the  resistance  of  the  material  to  digestion. 
If  it  is  a  clear  fluid,  it  is  merely  centrifuged  and  the  sediment  taken. 
From  one-half  to  one  cubic  centimeter  of  the  prepared  material  is  in- 
jected into  both  the  groin  and  the  abdomen  of  the  animal,  which  is  then  exposed 
every  second  day  to  a  five-minute  dose  of  x-ray  for  at  least  three  exposures.  If 
a  nodule  has  appeared  and  is  still  present  in  two  weeks,  it  is  removed  under  a 
local  anesthetic,  smeared,  and  examined  histologically.  If  positive,  it  is  reported 
at  once;  if  negative,  the  animal  should  be  kept  for  at  least  six  weeks  so  that  in 
case  a  few  bacilli  are  present  in  the  cavity  they  may  develop  independently  from 
the  node  in  the  groin.  If  the  animal  is  negative  in  a  thoroughly  "rayed  pig"  at 
the  end  of  six  weeks  the  test  may  safely  be  called  "negative." 

Even  in  this  very  small  series  several  ])()ints  stand  out  ]>r()minentl}-. 

1.   It  is  possible  by  means  of  the  x-ray  to  increase  the  susceptibility  of  guinea 
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pigs  to  tuberculosis.     Frequently-repeated  doses  have  a  more  certain  eft'ect  than 
a  single  dose. 

2.  The  destruction  of  lymphoid  cells  in  itself  is  insufficient  to  explain  the 
decreased  resistance. 

3.  The  removal  of  a  nodule  from  the  groin  for  examination  can  be  done  in 
about  two  weeks  and  is  usually  diagnostic.  This  procedure  has  the  advantage  that 
in  case  of  negative  local  findings  the  animal  has  the  chance  of  developing  internal 
lesions  at  a  slightly  later  time. 

I  wish  to  express  my  appreciation  to  Doctors  Haythorn,  Lacy,  and  Allison 
for  their  interest  and  suggestions  during  this  w^ork. 
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TUNGSTATES  OF  ALKALOIDS-AN  EXPERIMENTAL  PHARMA- 
COLOGIC STUDY* 


By  Bernard  Fantus,  M.S.,  M.D.,  Chicago,  III. 


INTRODUCTION 


THOUGH  tungstates  have  been  used  as  reagents  for  alkaloids  for  many  years, 
the  only  study  of  the  pharmacologic  effects  of  these  alkaloidal  combinations, 
I  have  been  able  to  find,  has  been  by  Carl  Nielson,^  who  showed  that  emetine 
phosphotungstate  is  practically  nonemetic  in  dogs,  that  strychnine  phosphotung- 
state  produces  convulsions  in  frogs  and  in  dogs,  it  being  merely  somewhat  less 
toxic  and  slower  in  action  than  strychnine  sulphate,  and  that  quinine  phosphotung- 
state given  to  a  puppy  in  doses  of  4.65  grains  three  times  daily  for  ten  days, 
corresponding  to  a  total  administration  of  117  grains  of  phosphotungstic  acid, 
produced  no  evident  effects.  Inasmuch  as  the  phosphotungstates  are  much  less 
bitter  than  the  readily  soluble  salts  of  the  alkaloids,  and  apparently  have  less 
effect  upon  the  stomach,  it  seemed  a  subject  worthy  of  further  study  with  a  view 
of  the  possibility  of  using  these  alkaloidal  precipitates  as  an  administration  form 
for  alkaloids. 

There  are  two  questions  that  must  be  answered  before  alkaloidal  double 
tungstates  could  be  seriously  recommended  for  practical  use  in  therapeutics: 
first,  the  degree  of  toxicity  or  of  harmlessness  of  tungsten  and  the  tungsten  acids ; 
and,  second,  the  degree  to  which  the  action  of  the  various  alkaloids  is  modified 
by  combination  with  double  tungstates. 

Metallic  tungsten  is  considered  so  harmless  that  it  has  been  advocated  by 
Richard  Kriiger-  as  a  substitute  for  bismuth  salts  in  roentgenography  of  the 
stomach  and  intestine.  Kriiger  gave  25  to  80  gm.  of  colloidal  tungsten  to  human 
beings  without  ill  effects  of  any  kind. 

The  most  extensive  study  of  the  pharmacology  of  tungsten,  at  present  avail- 
able, is  that  of  Jacob  Bernstein-Kohan,^  who  found  that  a  solution  containing  less 
than  5  per  cent  of  sodium  tungstate  did  not  produce  toxic  effects  on  paramecia, 
worms  or  other  low  organisms.  The  smallest  lethal  dose  of  tungsten,  calculated 
as  metal,  on  subcutaneous  administration  of  sodium  tungstate,  Bernstein-Kohan 
found  to  be  for  various  animal  species  as  follows  (Table  I)  : 

Table  I 


Minimum  Lethal  Dose  per  Kg.  of  Animal  on  Subcutaneous  Administration  of  Sodium 
Tungstate,  Calculated  as  Metal.     (Bernstein-Kohan.) 

Frog:       About  6.450  gm.  Lived  12  to  13  hours. 

Rat:  0.338    "  "      6  to  10 

Rabbit:  0.044    "  "      -'  to    3 

Cat:  0.111     "  "     12  to  14 

Dog:                     0.078    " 
Rooster:  0.250    " "    20  to  22 

"This   research  was   commenced   at   the   Laboratory   of   Pharmacoloiry   of   the    University   of   Michigan 
.iiid   completed   at   the   I'harmacoloRic  Laboratory   of  the   Ihiivcrsity   of   Illinois. 
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In  marked  contradistinction  to  the  toxicity  of  sodium  tungstate  on  hypo- 
dermic administration,  Berstein-Kohan  obtained  negative  results  on  oral  admin- 
istration to  rabbits  of  0.017  gm.  daily  for  45  days.  He  concluded  that  it  is  not 
absorbed  or  only  very  sparingly  absorbed  through  the  gastrointestinal  mucosa. 

Robert's*  statements  regarding  our  knowledge  on  tungsten  may  be  sum- 
marized as  follows :  The  water  soluble  salts  of  the  metal,  especially  tungstic 
acid,  as  well  as  phosphotungstic  acid,  are  as  caustic  as  the  soluble  iron  salts  or 
even  as  chromic  acid.  They  produce  vomiting  by  local  irritation.  Noncorrosive 
tungsten  compounds  are,  like  the  corresponding  iron  compounds,  absorbed  with 
•difficultv  from  the  intestine.  But  little  is  known  about  their  toxic  action,  when 
they  are  given  by  mouth.  When  introduced  subcutaneously  into  the  body,  they 
are  deposited,  like  iron,  in  the  liver,  spleen,  muscles,  kidney,  skin,  and  especially 
the  bones.  Elimination  occurs  chiefly  through  the  mucosa  of  the  alimentary 
tract  with  liability  to  production  of  gastroenteritis,  especially  the  diphtheritic 
form  of  dysentery.  It  is  eliminated  to  a  lesser  degree  in  the  urine.  Still  tungsten 
may  produce  a  mild  degree  of  nephritis  and  hemorrhages  from  the  kidney. 

Robert  notes  that  the  use  of  tungsten-containing  dyes  is  prohibited  in  Berlin 
•on  Police  Order  of  Oct.  25,  1878,  though  neither  corrosion  nor  other  damage  has 
been  reported  from  them. 

RunkeP  also  notes  that  economic,  industrial,  or  experimental  intoxication 
from  oral  administration  of  tungsten  has  not  been  reported;  and  that,  owing  to 
slight  absorption  from  the  intestinal  tract,  its  occurrence  is  not  at  all  probable. 

PRESENT    STUDY 

This  work  was  carried  on  with  phosphotungstic  and  silicotungstic  acids. 
The  latter  was  used  chiefly,  because  it  was  found  that  most  of  the  alkaloidal 
silicotungstates  were  less  bitter  than  the  phosphotungstates. 

Inasmuch  as  silicotungstic  acid  does  not  seem  to  be  readily  obtainable  on  the 
market,  it  might  be  well  to  describe  here  the  process  I  employed  in  the  preparation 
•of  the  substance  used  in  these  experiments. 

Preparation  of  Potassium  Silicotungstatc.^ — To  40  gm.  Na^SiO^  dissolved 
in  200  ml.  water,  to  make  a  fairly  saturated  solution,  add  20  ml.  cone.  HNO3  or 
until  the  fluid  produces  a  slight  reddening  of  litmus  paper.     Filter. 

To  the  SiOg,  thus  produced,  was  added  a  solution  of  120  gm.  NagWOg  in 
300  ml.  of  water  (to  make  the  total  weight  of  fluid  about  8  times  that  of  WO3 
used).  The  mixture  was  next  strongly  acidified  with  (75  ml.)  HCjHoOo  and 
heated;  to  boiling. 

When  the  fluid  is  no  longer  precipitated  within  a  few  moments  by  HCl,  per- 
mit to  cool,  filter  the  feebly  acid  solution,  and  add  ether  and  liberal  amounts 
(800  ml.  or  more)  of  Z?>  per  cent  HoSO^  until  a  turbidity  is  produced  on  stirring, 
and  three  strata  are  formed  on  standing.  The  lower  stratum,  a  molecular  combi- 
nation of  ether  with  silicotungstic  acid  is,  after  clearing,  separated  and  decom- 
posed by  water.  The  ether  is  driven  ofif,  and  the  potassium  salts  are  formed  in 
the  follawing  manner: 

Into  a  weighed  crucible,  place  a  definite  amount,  say  2  ml.,  of  the  liquid, 
evaporate  to  dryness,  and  then  heat  to  redness.     Weigh  the  residue   (which  is 


TUNGSTATES    OF   ALKALOIDS 


181 


chiefly  SiO,,  12  WO3),  and  add  to  2844  parts  of  the  latter  a  watery  solution  of 
276  parts  of  KoCOg,  and  concentrate  on  the  water-bath. 

By  fractional  crystallization,  two  compounds  may  be  separated  from  each 
other.  At  first  crystallizes  2  KgO,  SiO,,  12  WO3,  18  HgO,  in  fine  hexagonal 
prisms,  which  are  filtered  off  as  soon  as  the  more  soluble  orthorhombic  crystals  of 
2  KoO,  SiOo,  13  WO3,  9  HoO  commence  to  appear.  The  yield  is  about  50  per 
cent  of  the  Na2  WO4  used. 

1.  Experiments  on  the  Toxicity  of  Double  Tungstates 

Hypodermic  Administration. — That  both  phosphotungstic  and  silicotungstic 
acids  are  toxic  on  subcutaneous  administration  to  guinea  pigs,  will  be  seen  from 
Table  II  which  shows  the  results  of  injections  of  10  per  cent  solutions  of  the 
respective  acids. 

Table  II 
Comparative  Toxicity  oe  Phosphotungstic  and  Silicotungstic  Acids  on   Guinea  Pigs 


PHOSPHOTUNGSTIC   ACID 

SILICOTUNGSTIC   ACID 

lOSE  MG.  PER  GM. 

NO.  OF  EXPERIMENTS          RESULTS 

NO.  OE  EXPERIMENTS          RESULTS 

0.25 
0.50 

1.00 

2                   Recovered 
4                  All  died 
1                  Died 

2                   Recovered 
6                   All  died 
1                   Died 

It  will  be  seen  that  the  two  acids  have  the  same  degree  of  toxicity,  at  least 
within  the  rather  wide  limits  of  this  experiment.  A  dose  of  5^  mg.  per  gram  or 
0.5  gm.  per  kg.  is  uniformly  fatal ;  %.  mg.  per  gm.  is  recovered  from.  After  a 
dose  of  0.5  gm.  per  kg.,  the  symptoms  do  not  appear  for  an  hour  or  two.  Then 
the  animal  develops  depression,  so  that  it  remains  on  the  side  or  on  the  back, 
when  placed  in  these  positions ;  the  breathing  becomes  labored ;  and  death  occurs 
in  from  1  to  3  days.  Necropsy  shows  local  irritation  and  even  necrosis  at  the 
point  of  injection. 

Oral  Administration. — In  strong  contrast  to  the  toxicity  of  the  tungstates 
on  subcutaneous  injection  is  their  comparative  harmlessness  when  administered 
by  mouth,  as  will  be  seen  from  the  protocols  of  the  following  experiments  : 

Protocol  oe  Puppv  1 


DATE 

dose 

BY    STOMACH   TUBE 

WEIGHT 

Aug.  3 

0 

1.830  gm. 

"     8 

0.5 

gm. 

Potass.    Silicotung 

state 

1,980     " 

"     9 

0.5 

" 

"                      " 

2,050    " 

"    10 

0.5 

" 

«                                    a 

1,920    " 

"    11 

0.5 

" 

"                      " 

1,955    " 

"    12 

0.5 

" 

«                      « 

1,850    " 

"    13 

0 

"    14 

0.5 

gm. 

Potass.   Silicotungs 

tatc 

2,120    " 

"    15 

0.5 

"                       " 

2,000    " 

"    16 

0.5 

" 

"                       " 

2,010    " 

"    17 

0.5 

" 

"                       " 

2,080    " 

"    18 

0 

2.120    " 

"   19 

0 

2.130    " 

Animal  seems  normal,    l^rinc  free  from  alhtimin. 
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The  moderate  loss  of  weight  produced  in  Puppy  1,  which  consumed  4.5  gm.  of 
potassium  silicotungstate  in  nine  days,  was  probably  due  to  temporary  digestive  impairment, 
for  it  was  more  than  made  up  during  the  day's  interval,  on  which  the  drug  was  not  given. 

Protocol  of  Rabbit  1 


DATE           DAILY    FOOD 

WITH    DRUG 

URINE 

WEIGHT 

REMARKS 

(given  daily) 

QUANT. 

(GM.) 

OATS 

CARROTS 

ML. 

Oct.  25 

20 

100 

No  medicine 

No 

925 

Ate  all 

26 

" 

" 

"            " 

" 

930 

27 

" 

" 

"            " 

33 

945 

28&29 

40 

200 

"            " 

38 

945 

30 

20 

100 

•'            " 

30 

930 

31 

" 

" 

(1            11 

21 

960 

Nov.  1 

" 

" 

"            " 

20 

950 

2 

+0.20  Silico- 
tungstic  Acid 

10 

960 

3 

" 

" 

" 

970 

,  4&5 

40 

200 

40.40  Silico- 
tungstic  Acid 

48 

975 

6 

20 

100 

+0.20  Silico- 
tungstic  Acid 

63 

965 

7 

" 

" 

" 

No 

■  8 

" 

" 

" 

9 

" 

" 

" 

26 

910 

10 

" 

" 

" 

5 

885 

Left  30  gm.  food 

11&12 

40 

200 

+0.40    Silico- 
tung.  Acid 

38 

865 

"      65     " 

13 

20 

100 

+0.20   Silico- 
tung.  Acid 

45 

800 

"      60     " 

14 

4  0.10   Silico- 
tung.  Acid 

23 

775 

"      30    " 

15 

" 

" 

" 

19 

770 

"      30    " 

16 

" 

" 

" 

15 

760 

"      40    " 

17 

5 

Died 

"      57    " 

The  rabbit  consumed,  in  the  course  of  15  days,  2.3  gm.  of  silicotungstic  acid 
mixed  with  its  food  before  it  died.  Incomplete  necropsy  showed  a  small  hemor- 
rhage in  the  cecum  and  blood  stain  around  the  anus. 

Protocol  of  Cat  1  (Black  and  Brown) 


DATE 

1916 
Sept.  11 
to  14 

Sept.  14 
to  23 

Sept.  23 
to  Oct.  2 

Oct.  2 
to  9 

Oct.  9 
to  16 

Oct.  16 
to  26 


DAILY    FOOD    WITH    DRUG 
MILK  MEAT  (GIVEN  DAILY ) 


150 


100 


None 


WEIGHT 

(gm.) 


3,065 
3,150 
3,110 
3,025 
3,105 
3.175 


REMARKS 
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Protocol  of  Cat  1  (Black  and  Brown) — Cont'd 

DATE  daily    food    WITH    DRUG  WEIGHT  REMARKS 

MILK  MEAT  (given  daily)  (gm.) 

100  None  3,025 

3,150 

"  Silicotungstic  acid,       3,100 

2  ml.  of  20% 
solution 


Oct.  26 

to  Nov.  6  150 

Nov.  6 
to  9 

Nov.  9 
to  15 

Nov.  15 
to  22 

Nov.  22 
to  30 

Nov.  30 

to  Dec.  4  " 

Dec.  4 
to  11 

Dec.  11 
lo  18 

Dec.  18 
to  26 

Dec.  26  to 
Jan.  4/17   " 

1917 

Jan.  5 

to  13     150 

Jan.  13 
to  19 

Jan.  19 
to  30 

Tan.  30  to 
Feb.  7 

Feb.  7 
to  15 

Feb.  15 

to  Mar.  1   " 

Mar.  1 
to  9 

Mar.  9 
to  28 

Mar.  28  to 
Apr.  8 

Apr.  8 
lo  14 

3.165 

3,143        Feces  fluid  for  two  days. 

3,145 

3,141         Feces  fluid  for  one  dav. 


3,114         Left  about  Yz   food  and  drug 
on  Dec.  9. 


3,165        Left  about  Vz  on  Dec.  12. 

2,883  Feces  fluid  for  one  day,  left 
dose  and  milk  on  Dec.  28 
and  29. 


100  Potassium  Silico-  2.794        Left  milk  on  Jan.  9  and  10. 

tungstate,  4  ml.  of 


10%  sol. 


2,644  Left  milk  on  Jan.   14. 

2,692  Left  milk  on  Jan.  28. 

2,635  Left  milk  on   Feb.  2. 

2,567  Left  milk  on   Feb.  7. 

"  2,015         Left  milk  on  Feb.  15,  17  and 

23. 

"  Left  some  of   food   and  druu: 

daily. 

None  2  430         Loft  a  liltlc  milk  occasionally. 

3  470 
3,357 
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Cat  No.  1  received  22.40  gm.  of  silicotung-stic  acid  and  25.20  gm.  of  potas- 
sium silicotungstate,  or  a  total  of  47.60  gm.  of  silicotungstate  in  the  course  of  17 
weeks.  During  this  period  the  animal  lost  about  one-third  of  its  weight;  but 
otherwise  did  not  seem  to  be  markedly  affected.  This  loss  of  weight  can  hardly 
be  attributed  entirely  to  refusal  of  food,  as  this  did  not  occur  to  a  sufficient  extent 
to  explain  it.  Hence  there  probably  occurred  either  a  digestive  or  a  metabolic 
disturbance,  which  became  only  marked  during  the  second  half  of  the  feeding 
period ;  when  even  though  potassium  silicotungstate  was  given,  no  change  in  the 
downward  tendency  occurred.  That  the  disturbance  was  not  of  a  permanent 
nature,  may  be  seen  from  the  fact  that  when  the  drug  administration  was 
stopped,  the  cat  rapidly  regained  and  exceeded  the  weight  it  had  prior  to  the 
drug  feeding. 

Protocol  of  Cat  No.  2  (Gray  Striped) 


DATE 


DAILY    FOOD    WITH    DRUG 
MILK  MEAT 


DRUG 

(given  daily) 

weight 

(GM.) 

None 

2,385 

" 

2,565 

" 

2,545 

Silicotungstic  acid 
2  ml.  of  20%  sol. 

2,620 

150 


1916 
Oct.  20 
to  26 

Oct.  26  to 
Nov.  6 

Nov.  6 
to  9 

Nov.  9 
to  15 

Nov.  15 
to  20 

Nov.  20 
to  29 

Nov.  29  to 
Dec.  4 

Dec.  4 
to  11 

Dec.   11 
to  18 

Dec.  18 
to  26 


Dec.  26  to 
Jan.  6, 1917   " 

Tan.  6 

to  13  150 


Tan.  13 
to  19 

Jan.  19 
to  30 


100 


2,623        Feces  fluid  for  2  da5^s. 


2,640 


100 


2,675 


2,711 


2,931 


2,900 


"  2,673        Left   about    Vi    of    dose   and 

food  on  Dec.  28  and  29. 

Silicotungstic  acid, 

2  ml.  of  20%  sol.        2,511         Left  all  of  dose  and  milk  on 

Jan.  4  and  5. 

"  2,289        Left  dose  and  milk  on  Jan. 

9  and  11. 

"  2,232        Left   dose   and  milk  on  Jan. 

20  and  28. 
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Protocol  of  Cat  No.  2  (Gray  Striped) — Coxt'd 


UATE  DAILY   FOOD   WITH   DRUG  WEIGHT 

MILK  MEAT  (GIVEN  DAILY)  (gM.) 


Jan.  30 

to  Feb.  7     150  100  Silicotungstic  acid,       2,260         Left   dose   and  milk  on   Feb. 

2  ml.  of  20%  sol.  3  ^nd  7. 

Feb.  7 
to  15  "  "  "  2,300         Left  dose  and  milk  on  Feb.  9. 

Feb.  15 

to  Mar.  1      "  "  "  2,520        Left    food    and    drug    daily. 

Animal    seems   depressed. 
Mar.  1 
to  9  "  "  "  Animal   Is   sick. 

Mar.  9 

to  28  "  "  None  2,430        Left  a  little  milk  occasionally. 

Mar.  28  to 

Apr.  8  "  "  "  2,712 

Apr.  8 

to  14  '^ ^ 2^916 

Protocol  of  Cat  No.  3  (Gray  Striped — Male) 

DATE  DAILY    food    WITH    DRUG  WEIGHT  REMARKS 

MILK  MEAT  (given  daily)  (GM.) 

1916 
Oct.  16 

to  26  150  100  None  2,265 

Oct.  26 

to  Nov.  6     "  "  "  2,260 

Nov.  6 

to  9  "  "  "  "  2,400 

Nov.  9 

to  15  "  "  Silicotungstic  acid 

5  ml.  of  20%  sol.         2,510 

Nov.  15 

to  22  "  "  "  2,416        Liquid      bowel       movements 


Nov.  22 

to  29  "  "  "  2,398 


Nov.  18  to  22. 


Nov.  29 

to  Dec.  4     "  "  "  2,345        Liquid       bowel      movements 

Dec.  2  to  4. 
Dec.  4 

to  12  "  "  "  2.300         .\tc  about  hall  Doc.  4  .ind  12. 

Dec.  12 

to  18  "  "  "  2,280         Liquid      bowel      movements, 

Dec.  14  and  15. 

Dec.  18 

to  26  "  "  "  2,339        Liquid  bowel  movements,  oc- 

casionally. 

Dec.  26  to 

Jan.  3,  1917    "  "  "  2,310        Left  most  of  drug  and   food 

after  Dec.  29 

Jan.  3,  1917    "  "  "  Animal  weak  and  sick.    Died 

3  P.M. 
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Cat  No.  2  received  47.60  gm.  of  silicottmgstic  acid,  mixed  with  its  milk, 
in  the  course  of  17  weeks.  During  the  first  seven  weeks,  the  animal  gained  in 
weight.  During  the  remainder  of  the  period,  the  animal  left  more  and  more  of 
its  food. as  the  time  went  on,  until  during  the  last  week  it  ate  very  little.  At 
this  time  the  animal  seemed  quite  sick;  and  it  probably  would  have  died  if  the 
drug  feeding  had  been  continued.  To  see  whether  permanent  damage  was  done, 
the  drug  feeding  was  stopped ;  and  complete  recovery  occurred. 

Necropsy-Report  by  Dr.  D.  J.  Davis  (Univ.  of  III.). — Extensive  hemorrhage 
in  anterior  mediastinum  and  in  subpericardial  tissue,  extending  toward  visceral 
pericardium. 

Hemorrhage,  2  cm.  in  diameter,  in  middle  lobe  of  right  lung,  involves  entire 
thickness  of  lung  and  extends  to  hilus  of  the  three  lobes.  Microscopic  examina- 
tion shows  the  alveoli  uniformly  filled  with  blood.  The  walls  are  usually  dis- 
tinct, but  here  and  there  are  broken  through ;  occasionally  large  regions  of  hemor- 
rhage appear,  containing  quite  fresh  blood.  Bronchioles  also  contain  blood.  The 
pleura  is  normal. 

Heart  muscle  flabby  and  grayish,  small  hemorrhage  in  wall  of  right  auricle, 
and  small  subpericardial  hemorrhage  on  left  ventricle.  Valves,  cordse  tendinese 
and  intima  of  large  vessels,  bile  stained.  Myocardium  shows  no  alterations  on 
microscopic  examination. 

Liver  enlarged,  flabby,  soft,  grayish  yellowy  greasy  on  section.  Gall  bladder 
moderate^  distended  with  yellowish  green  bile.  Microscopically  the  liver  lobules 
are  found  to  contain  large  amounts  of  fat,  evenly  distributed.  At  the  periphery 
are  deposits  of  granular  biliary  pigment.  The  central  veins  are  normal  in  ap- 
pearance.    Kupffer's  cells  contain  large  quantities  of  yellow  pigment  granules. 

Spleen  slightly  pale  in  color  and  mottled  in  places.  Pancreas  grayish  white 
and  soft.  Neither  spleen  nor  pancreas  reveals  microscopic  changes  worthy  of 
note. 

Stomach,  negative  on  gross  examination.  Microscopically  there  are  found 
in  the  mucosa,  here  and  there,  small  hemorrhages ;  and,  on  the  surface,  rather 
extensive  regions  of  necrosis  in  which  numerous  blood  cells  appear. 

Small  intestine,  10  inches  above  ileo-cecal  valve  shows  submucosal' hemor- 
rhages, becoming  more  frequent  and  extensive  higher  up  to  10  inches  below  the 
stomach.    Colon  negative. 

Kidneys. — Capsule  strips  readily,  leaving  a  smooth  surface.  Cortex  yellow- 
ish gray.  Medulla  quite  red.  Markings  very  distinct.  Microscopic  examina- 
tion :  The  cells  of  the  convoluted  tubules  appear  somewhat  swollen  and  the 
lumen  of  the  tube  is  frequently  filled  with  granular  detritus.  Deposits  of  rather 
fine  yellow  granules  appear,  especially  in,  the  cells  of  the  collecting  tubules ;  also 
here  and  there  throughout  the  cortex.  The  glomeruli  are  normal  in  appear- 
ance, as  is  also  the  capsule. 

Urme  from  bladder  contains  bile,  albumin,  no  sugar,  a  few  casts,  and  bile- 
stained  leucocytes  and  epithelial  cells.     Some  spermatozoa. 

Summary. — Cat  No.  3  consumed  at  least  50  gm.  of  silicotungstic  acid,  mixed 
with  milk,  in  the  course  of  about  two  months,  before  death  ensued  from  fatty 
degeneration  of  the  liver  with  multiple  hemorrhages  in  various  organs  and  a 
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moderate  degree  of  nephritis.     The  necropsy  findings  remind  one  somewhat  of 
those  of  phosphorus  poisoning. 

Summary  of  the  Feeding  Experiments 

From  the  above  detailed  experiments,  it  seems  evident  that  siUcotungstic  acid 
or  potassium  siHcotungstate  may  be  fed  to  animals  for  considerable  periods  and 
in  fairly  large  quantities.  A  dose  of  50  gm.  of  silicotungstic  acid,  consumed  in 
about  8  weeks,  killed  cat  No.  3,  while  somewhat  less  than  this  quantity  (47.60 
gm.),  given  in  17  weeks,  was  survived  by  cats  Nos.  1  and  2.  Hence  silicotungstic 
acid,  given  by  mouth,  is  not  very  toxic  to  cats. 

THK    ACTIVITY    OF    DOUBLE    TUNGSTATES    OF    ALKALOIDS 

Strychnine  Phosphotungstate. — This  compound,  kindly  furnished  me  by  the 
Abbott  Laboratories  of  Chicago,  was  administered  to  two  dogs  with  results  shown 
by  the  following  protocols  of  the  experiments : 

May  2g,  1916.    Dog  i. — Weight  4800  gm.     Not  fed  for  24  hours. 

8:35  A.M.  Strychnine  Phosphotungstate  0.038  gm.    (=:  8  mg.   per  kg.). 
Administered  per  stomach  tube. 

8:52      "      Violent  convulsion. 

9:12      "      Convulsive  starts. 
10:30      "      Convulsion. 
11:30      "      Convulsion. 

1 :15  P.M.  Dead. 

June  I,  1916.     Dog  2. — Weight  4500  gm.     Just  fed. 

9:15  A.M.  Strychnine    phosphotungstate   0.036   gm.    (=8    mg.    per   kg.). 
Administered  by  stomach  tube. 

9:45  "  Convulsion. 
10:15  "  Convulsion. 
11:40     "     Dog  standing  up.     Seems  better. 

1 :30  P.M.  Dea^d. 

From  these  experiments,  it  will  be  seen  that  8  mg.  of  strychnine  phosphotung- 
state is  fatal  to  dogs  in  about  4  hours,  convulsions  appearing  in  16  minutes  when 
the  stomach  was  empty  and  in  20  minutes  when  the  stomach  was  full  of  food. 
The  difference  in  the  condition  of  the  stomach  in  these  two  cases  evidently  made 
but  little  difference  in  the  results.  Inasmuch  as  strychnine  phosphotungstate 
represents  about  25  per  cent  of  the,  alkaloid,  the  dose  used  corresponds  to  2  mg. 
of  strychnine  per  kg.,  which  is  a  fatal  dose  for  the  dog  as  will  be  seen  from  the 
following  experimental  protocols : 

Dog  A 1. — Weight  8500  gm.  was  given  0.017  gm.  strychnine  sulphate 
(=2  mg.  per  kg.).     Convulsions  in  12  minutes,  death  in  26  mituites. 

Dog  A  2. — Weight  9500  gm.  was  given  0.019  gm.  strychnine  sulphate 
(=2  mg.  per  kg.).     Convulsion  in  10  minutes,  death  in  11  minutes. 

The  chief  difference,  it  will  be  noted,  is  in  the  time  of  the  occurrence  of 
death,  which  was  an  average  of  about  18  minutes  with  strychnine  sulphate,  and 
4  hours  with  strychnine  phosphotungstate.  Our  results  with  this  compound 
agree  with  those  of  Nielsen.^ 
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Strychnine  Silicotungstate  [Si02,  12W0z,  2HoO 

(Bcrtrand)] 


4C2X   ^22  A^   Oo  +  8  //oO 


Inasmuch  as  Strychnine  SiHcotungstate  is  less  bitter  than  the  phosphotung- 
state,  it  was  subjected  to  tests.  It  was  prepared  by  mixing  boihng  solutions  of  2 
moles  of  strychnine  sulphate  (Coi  Hoo  N20o)2  HoSO^  +  5  HgO  (by  weight  one 
part)  with  1  mole  of  potassium  silicotungstate — 2  KgO,  SiOg,  12  WO3  18  HoO 
(by  weight  two  parts).  The  compound  prepared  by  mixing  cold  solutions  was 
slightly  more  bitter  than  that  prepared  by  the  hot  process. 

That  strychnine  silicotungstate  is  highly  active,  is  shown  by  the  following 
protocols  of  experiments. 

Pup  1,  weight  2190  gm.,  was  given  17.5  mg.  of  strychnine  silicotungstate 
(^2  mg.  of  strychnine  per  kg.)  by  means  of  the  stomach  tube.  Convulsions  in 
thirty  minutes,  death  in  forty  minutes. 

Pup  3,  weight  1900  gm.,  was  given  15.2  mg.  of  strychnine  silicotungstate 
(=2  mg.  of  strychnine  per  kg.)  by  stomach  tube.  Convulsions  in  thirty  minutes, 
death  in  forty  minutes. 

Cat  1,  weight  2670  gm.,  was  given  21.4  mg.  strychnine  silicotungstate 
(=2  mg.  of  strychnine  per  kg.)  by  stomach  tube.  Convulsions  in  thirty-five 
minutes,  death  within  two  hours. 

Cat  2,  weight  800  gm.,  was  given  6  mg.  strychnine  silicotungstate  (=2  mg. 
per  kg.  of  strychnine)  by  stomach  tube.  Convulsion  in  twelve  minutes,  death 
in  twenty  minutes. 

Cat  3,  weight  3850  gm.,  was  given  30.8  mg.  strychnine  silicotungstate  (  ^  2 
mg.  per  kg.  of  strychnine)  by  stomach  tube.  Convulsions  in  fifteen  minutes, 
death  in  twenty-five  minutes. 

To  compare  the  activity  of  strychnine  silicotungstate  with  that  of  strychnine 
sulphate,  the  minimal  lethal  dose  of  each  was  determined  by  experiments  upon 
rabbits,  with  the  result  shown  in  Table  III. 


Table  HI 

Comparative  Toxicity  oe  Equivalent  Doses  of  Strychnine  Sulphate  and  oe  Strychnine 

Silicotungstate  to  Rabbits 


strychnine 

SULPHATE 

strychnine  silicotungstate 

Dose  mg. 

No.  of 

Results 

Dose 

mg. 

No.  of 

Results 

per  kg. 

Animals 

Conv's 

Final 

per  kg. 

Animals 

Conv's        Final 

In 

10 

1 

5  hours     Recov'd 

In 

In            All 

5 

6 

35min. 

3  died 

15 
20 

3 
8 

4y2  hours  Recov'd 

Av. 
5^  hours  5  died 
Av. 

It  will  be  seen  that  the  lethal  dose  of  5  mg.  of  strychnine  sulphate  equaled 
in  its  effects  the  dose  of  20  mg.  of  strychnine  silicotungstate.  Inasmuch  as 
3  mg.  of  strychnine  gilicotungstate  represents  the  same  amount  of  strychnine 
that  is  contained  in  1  mg.  of  strychnine  sulphate,  the  relation  of  toxicity  is  as  5 
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to  6.6,  a  difference  that  is  certainly  not  great.  It  is  of  interest  to  note  the  long 
time  that  elapsed  in  the  strychnine  silicotungstate  experiments  in  the  rabbit  before 
convulsions  appeared.  This  is  in  marked  contrast  to  the  comparatively  prompt 
appearance  of  convulsions  in  cats  and  in  dogs,  in  which  animals  convulsions  occur 
so  soon  after  administration  of  the  dose  that  it  is  hard  to  believe  that  absorption 
did  not  occur  from  the  stomach. 

Double  Tungstates  of  Emetine 

I  prepared  emetine  silicotungstate,  a  salmon-colored  tasteless  powder,  by 
mixing  1  part  of  emetine  hydrochloride  with  2.7  parts  of  potassium  silicotung- 
state. This  was  compared  with  emetine  phosphotungstate  (furnished  by  the 
Abbott  Laboratories),  2.7  parts  of  which  equal  1  part  of  emetine  hydrochloride. 
It  W'ill  be  seen  that  these  two  preparations  are  of  the  same  strength. 

Experiments  upon  Mice. — White  mice  were  fed  with  cakes  made  of  cracker, 
sugar  and  water  to  which  a  definite  amount  of  the  agent  to  be  tested  was  added. 
The  results  are  shown  in  the  following  table.  (Table  IV.)  The  animals  that 
died  succumbed  within  24  to  48  hours. 


Comparative 

Table  IV 

Toxicity  oe  Equivalent  Doses  oe  Emetine  Phosphotungstate  and  oe 
Emetine  Silicotungstate  eor  White  Mice 

DOSE  PER 

20  GM.  MOUSE 

EMETINE 

phosphotungstate 

EMETINE 
SILICOTUNGSTATE 

2.5  mg. 

5    mg. 

10    mg. 

No.  of  Animals        Results 

2  Recovered 
3 

3  All  died 

No.  of  Animals        Results 
3                   Recovered 
2                    1  died 
1                   died 

It  will  be  seen  that  the  emetine  double  tungstates  are  both  highly  and 
probably  approximately  equally  toxic.  Owing  to  the  comparative  innocuousness 
of  the  tungstates,  as  shown  by  our  feeding  experiments,  the  toxicity  must  be 
ascribed  to  the  emetine. 

A  few  experiments  were  performed  upon  cats  with  the  following  results : 

Cat.  1.— Weight  2700— Aug.  3/16. 

10:00  A.M.  1  gm.  Emetine  Phospliotungstate  by  stomach  tube. 
11 :45      "      Emesis.  , 

P.M.  Slight  emesis. 

Defecation. 

Recovered. 

Cat  2.— Weight  3700— Aug.  5/16. 
10:45  A.M.  0.5  gm.  Emetine  Phosphotungstate  by  stomach  tube. 
Did  not  vomit. 
No  other  symptoms. 

Cat.  2.— Weight  3700— Aug.  14/16. 
10:30  A.M.  1  gm.  Emetine  Silicotungstate  by  stomach  tul)o. 
1:30  P.M.  Large  bowel  movements.     No  emesis. 
No  other  symptoms. 

These  results  agree,  on  the  whole,  with  those  of  Nielsen  who  showed  that, 
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while  small  doses  of  emetine  phosphotungstate  did  not  produce  emesis,  large 
doses  did;  though  not  nearly  to  the  same  extent  to  which  the  same  dose  of 
emetine  hydrochloride  would  have  acted. 

Quinine  Silicotung state 

That  this  combination,  which  may  be  prepared  by  precipitating  a  solution  of 
1  part  of  quinine  hydrochloride  with  2.26  parts  of  potassium  silicotungstate,  is 
not  ver}'  toxic  to  a  small  dog,  may  be  seen  from  the  following  experimental 
protocol :  •  *  . 

Protocol  of  Pup  3. — Female — Black  and  White 


DATE 


WEIGHT 


Aug.  3 

"     7 

Quinine 

Silicotungstate 

"     8 

" 

"     9 

(( 

"   10 

" 

"    11 

« 

"    12 

No  dose 

"    13 

" 

"    14 

Quinine 

Silicotungstate 

"    15 

"    16 

"    17 

"    18 

"    19 

0.5  gm.  by  Stomach  Tube 


1550 

Tube 

1710 

« 

1590 

" 

1550 

1535 

1700 

1780 

1780 

1730 

1830 

1920 

This  animal  received  5.5  gm.  of  quinine  silicotungstate  in  the  course  of  11 
days  without  the  production  of  unfavorable  results,  excepting  an  initial  loss  of 
weight,  which  was  rapidly  recovered  from  in  spite  of  continuance  of  the 
administration. 

That  quinine  silicotungstate  is  capable  of  producing  effects,  may  be  seen 
from  the  following  typical  protocol  of  a  mouse  experiment : 


Protocol  of  Mouse  2 


DATE 

FED    CAKE 

composed  of 

WEIGHT 

REMARKS 

gm. 

Aug. 

2 

Quinine  Silicotungstate 

0.10 

15    gm. 

Cracker 

2.00 

Sugar 

0.50 

Water 

1.00 

" 

3 

Same  dose 

16      " 

" 

4 

16      " 

" 

5 

16      " 

Feces  greenish  gray. 

** 

6 

Left  some. 

*' 

7 

14^  " 

'* 

8 

15      " 

Ate  Httle. 

" 

9 

Dead 

This  animal  consumed,  at  least,  0.50  gm.  of  quinine  silicotungstate  in  the 
course  of  7  days  before  death  occurred.  That  the  result  was  due  to  the  drug  is 
rendered  evident  by  the  fact  that  control  animals  did  well  on  the  food  Avithout 


TUNGSTATKS    OF   ALKALOIDS  191 

the  drug  and  that  similar  results  were  obtained  with  three  other  mice,  whose 
protocols  might  be  summarized  as  follows : 

Mouse  I. — Consumed  0.5  gm.  quinine  silicotungstate  in  daily  amounts  of 
0.05  gm.  in  the  course  of   12  days,  before  death  occurred. 

Mouse  ?. — Consumed  0.3  gm.  quinine  silicotungstate  in  daily  amounts  of 
0.10  gm.  in  the  course  of  3  days,  before  death  occurred. 

Mouse  4. — Consumed  0.6  gm.  quinine  silicotungstate  in  daily  amounts  of 
0.10  gm.  in  the  course  of  6  days,  before  death  occurred. 

It  may  be  of  interest  here  to  note  that,  while  mice  refused  to  eat  cakes  made 
with  quinine  sulphate  or  with  potassium  silicotungstate,  they  readily  ate  cakes 
made  with  quinine  silicotungstate,  evidently  because  of  its  comparatively  slight 
bitterness. 

CONCLUSIONS 

1.  The  comparative  tastelessness  and  slight  local  effects  of  phosphotung- 
states  and  silicotungstates  of  alkaloids  might  make  these  combinations  thera- 
peutically useful. 

2.  The  phosphotungstate  and  silicotungstate  radicals  are  sufficiently  non- 
toxic to  be  used  for  the  administration  of  alkaloids  with  small  dosage,  such  as 
strjxhnine  or  emetine. 

3.  Inasmuch  as  the  tungstates,  when  taken  in  liberal  amounts  for  a  long 
time,  do  have  a  toxic  action,  it  is  probably  not  advisable  to  use  these  combinations 
for  the  administration  of  quinine  or  other  alkaloids  that  would  be  given  in  large 
doses,  until  further  studies  of  the  toxicity  of  these  have  been  made. 
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THREE  CASES   WHICH  ILLUSTRATE  THE  CONSEQUENCES   OF 

CORONARY  LESIONS* 


By  Paul  G.  WooIvI^ey,  M.D.,  Cincinnati,  Ohio. 


CASE  I. 


J.  B.,  Hospital  No.  1905,  a  colored  man  39  years  old,  was  admitted  to  the  Cincinnati 
General  Hospital  on  May  8,  1915,  complaining  of  a  sharp  pain  under  the  sternum. 

According  to  the  Clinical  Notes,  the  family  history  was  irrelevant. 

Past  History. — The  patient  had  measles  and  mumps  in  infancy.  Ten  or  iifteen  years 
ago  he  had  smallpox ;  and,  twelve  years  ago,  rheumatism.  About  fifteen  years  ago  he 
had  pneumonia.  Seven  years  before  admission  he  had  gonorrhea,  and  three  years  before 
that  he  had  a  bubo.  He  does  not  smoke  or  chew,  and  has  used  no  alcohol  since  January 
1,  1915. 

Present  Illness. — This  commenced  in  July,  1914,  when  he  began  to  experience  dyspnea 
when  working  hard  or  climbing  a  hill.  He  had  a  feeling  of  fullness  in  the  chest.  In 
February,  1915,  he  began  to  have  pain  in  the  sternal  region.  On  admission,  this  pain 
was  described  as  being  of  a  dull  aching  sort  which,  at  times,  becomes  quite  sharp.  It 
has  forced  him  to  stop  work  and  rest  for  10  or  15  minutes,  after  which  he  could  return 
to  work.     For  several  days  the  patient  has  had  a  cough. 

Present  State. — The  patient  is  a  well-developed,  and  well-nourished  colored  man. 
Temperature  100° ;  pulse  128 ;  respirations  40.  General  condition  fair.  The  pupils  are 
equal  and  react  to  light.  The  conjunctivse  are  muddy,  the  tongue  clean,  the  teeth  and 
gums  "poor."  The  epitrochlear  glands  are  palpable.  The  chest  is  symmetrical.  The 
right  lung  is  resonant  anteriorly,  but  shows  a  diminished  posterior  resonance  on  percus- 
sion. On  auscultation  there  are  crepitant  rales  at  the  left  base  posteriorly ;  the  breath 
sounds  are  broncliial  in  character.  The  left  border  of  the  heart  is  norrrial.  The  apex 
is  in  the  nipple  line.  The  rhythm  is  regular.  There  is  a  diastolic  murmur  at  the  apex 
and  a  s}^stoHc  in  the  aortic  area.     The  pulses  are  small.     The  liver  is  enlarged. 

May  9,  1913. — In  the  evening  the  patient  fell  out  of  bed  and  was  found  sweating  pro- 
fusely, with  a  complete  left  sided  hemiplegia.  The  tongue  deviated  to  the  left,  the  left 
side  of  the  face  was  smooth  and  the  patient  was  unable  to  move  the  left  side. 

May  10,  1915. — At  9:30  a.m.,  all  evidence  of  the  previous  evening's  attack  had  dis- 
appeared. , 

May  20,  1915. — The  patient  complained  of  pain  in  the  left  chest  on  deep  inspiration. 
There  was  roughened  breathing  over  the  left  lower  lobe  and,  on  the  right,  between  the 
scapula  and  the  spinal  column.     The  heart  began  to  show  some  irregularity. 

May  22,  IQ15. — The  patient  said  the  pain  had  shifted  to  the  right  lower  cliest  and 
right  hypochondrium.  There  was  slightly  prolonged  expiration  and  rough  breath  sounds 
over  the  left  base,  posteriorly.  Over  the  right  lower  posteriorly  crepitant  rales  were  heard. 
The  patient  is  spitting  flecks  of  blood,  bright  red  in  color. 

June  2,  1915. — Wassermann  reaction  strongly  positive. 

June  20,  1915. — At  5  :25  a.m.,  the  patient  got  up,  dressed,  and  went  to  the  sun  room. 
He  complained  of  pain  in  the  cardiac  region,  became  dyspneic  and  died  suddenly  before 
the  doctor  could  be  reached. 

Clinical  Diagnosis. — ^Mitral  regurgitation ;  mitral  stenosis ;  pericarditis ;  passive  con- 
gestion of  the  lungs  and  liver;  syphilitic  aortitis;  chronic  nephritis;  coronary  sclerosis  (?) 
with  thrombosis  or  embolism    (?). 

AUTOPSY    PROTOCOL 

The  body  of  an  extremely  well-built,  and  well-nourished  colored  adult  male,  6  feet 
long.  There  was  nothing  remarkable  about  the  head  except  that  the  bridge  of  the  nose 
was  thick  and  flattened  and  somewhat  larger  to  the  right  than  to  the  left  of  the  median 
line.     Across  the  chest  were  three  hypertrophic  linear  scars,  one  opposite  the  second  inter- 

*From  the  Mary  M.  Emery  Department  of  Pathology  of  the  University  of  Cincinnati,  and  the 
Pathologic  Institute  of  the  Cincinnati  General  Hospital. 
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space,  another,  opposite  the  third,  and  the  last,  opposite  tlie  fourth  interspace.  These 
were  all  somewhat  longer  than  the  width  of  the  sternum.  The  lower  molars  were  absent 
on  both  sides.  The  third  upper  molar  was  loose  in  the  gum;  the  second  upper  molar  was 
carious ;  the  three  upper  left  molars  were  dead.  There  was  a  general  pyorrhea  alveolaris. 
There  was  a  perforation  of  the  nasal  septum.  The  peripheral  lymph  glands  were  not 
demonstrably  enlarged.  The  testicles  were  apparently  normal.  There  was  no  definite 
preputial  scar.  The  tibial  margins  were  smooth.  There  was  no  postmortem  rigidity  except 
in  the  muscles  of  the  jaw.     There  was  no  lividity.     The  body  was  still  warm. 

The  left  pleural  cavity  was  completely  obliterated.  The  right  was  completely  obliter- 
ated antero-laterally  and  apically.  In  the  upper  portion  was  a  collection  of  a  straw-colored 
serous  fluid  (500  c.c).  There  was  a  slight  increase  of  pericardial  fluid,  and  over  the  left 
ventricle  anteriorly,  posteriorly,  and  apically  were  recent  fibrinous  adhesions. 

There  was  nothing  abnormal  about  the  position  or  appearances  of  the  intestines.  The 
tongue  and  posterior  pharynx,  larynx,  esophagus  and  trachea,  were  apparently  healthy. 
The  tonsils  were  fibroid  and  atrophic.  The  lungs  were  markedly  edematous  and  some- 
what salmon-colored,  and  showed  a  mild  grade,  at  least,  of  passive  congestion.  Edema 
was  more  evident  in  the  left  lung.  There  were  two  very  small  subpleural  areas  of  con- 
solidation in  the  right  lung  which  resembled  in  form  and  color,  incomplete  infarcts.  The 
pleura  over  them  was  roughened. 

The  heart  was  large  and  flabby.  When  it  was  opened,  it  appeared  that  it  was  mark- 
edly dilated,  and  only  moderately  hypertrophic.  The  walls  were  generally  thickened,  and 
not  contracted  apparently,  and  were  gray  and  fatty.  The  valves,  with  the  exception  of  the 
aortic,  were  not  deformed,  and  the  aortic  only  to  a  slight  extent.  The  right  and  posterior 
cusps  at  their  common  attachment  were  adherent  and  slightly  contracted.  The  papillary 
muscles  were  fibroid.  The  aorta  was  the  seat  of  a  diffuse  luetic  aortitis  with  evidence 
of  all  stages  of  the  process  from  fatty  degeneration,  and  patchy  opalescent  succulent 
fibrosis,  to  atheroma  and  calcification.  It  was  very  obviously  dilated  to  perhaps  one-half 
more  than  its  normal  size.  The  mouths  of  the  coronaries  were  remarkably  constricted  so 
that  the  finest  probe  could  be  passed  with  difficulty  into  the  left  and  could  just  be  passed 
easily  into  the  right.  The  coronaries  themselves  were  not  sclerotic.  The  pericardium, 
over  the  left  ventricle,  was  congested,  roughened,  and  covered  with  a  fibrinous  exudate, 
beneath  which  were  numerous  small  hemorrhages. 

The  spleen  was  of  moderate  size,  congested,  and  somewhat  fibrotic.  The  kidneys  were 
enormously  congested,  and  almost  purple  in  color.  The  capsules  removed  with  ease,  tear- 
>  ing  in  but  a  few  places.  There  were  a  few  small  retention  cysts  beneath  the  capsules 
and  the  stellate  veins  were  congested.  The  cortex  was  of  about  normal  thickness  in  the 
left,  while  in  the  right  it  was  increased.  The  surfaces  of  both  organs  were  somewhat 
finely  granular.  The  liver  was  not  especially  abnormal.  It  was  congested  and  apparently 
fatty.  The  surface  was  smooth.  The  cut  surface  was  distinctly  fatty  and  had  an  indis- 
tinct nutmeg  appearance.  The  gall  bladder  held  a  fair  quantity  of  yellowish-green  mucoid 
bile.  The  ducts  were  patent.  The  pancreas  and  adrenals  were  not  remarkable.  The  stomach 
and  intestines  were  congested,  and  in  the  ileum  the  solitary  follicles  were  enlarged,  espe- 
cially near  the  cecum  where  they  were  congested  and  quite  raised  above  the  surface.  There 
were  patches  of  congestion  in  the  large  intestine.     The  appendix  was  normal. 

The  prostate  and  bladder  were  not  abnormal. 

Anatomic  Diagnosis. — Syphilitic  aortitis  involving  the  mouths  of  the  coronaries,  espe- 
cially the  left;  cardiac  dilatation;  passive  congestion  and  edema  of  the  lungs,  and  abdominal 
organs;  chronic  diffuse  nephritis;  acute  follicular  enteritis;  acute  fibrinous  pericarditis; 
pleural  effusions;  luetic  perforation  of  the  nasal  septum;  pyorrhea  alveolaris.. 

REMARKS 

In  this  case,  a  luetic  process  in  the  aorta  affected  the  tisues  just  about  the 
coronary  openings  and  gradually  led  to  stenosis  of  these  vessels.  This  process 
went  on  for  several  months  during  which  time  the  heart  gradually  lost  its  reserve, 
so  that  exercise  caused  myocardial  insufficiency,  and  later  dilated  so  that  the 
valvular  orifices  dilated  and  at  llu-ni  murnuirs  a[)peared.  finally  it  happened  that 
while  the  narrowed  coronaries  permitted  just  enough  blood  to  pass  to  nourish  the 
myocardium  while  the  patient  was  cjuiet,  not  enough  was  able  to  pass  to  noiuMsh 
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the  muscle  during  even  slight  exertion ;  and  cardiac  failure  and  death  appeared. 
In  this  case  there  was  a  general  cardiac  dilatation  which  means,  of  course,  a 
general  lack  of  blood  to  the  myocardium. 

CASE  II. 

E.  G.,  Hospital  No.  B-818,  a  white  man,  11  years  old,  was  admitted  to  the  Cin- 
cinnati General  Hospital  on   Feb.   3,   1917,   complaining  of  a  "sore  leg." 

The  family  history  was  negative. 

He  denied  venereal  disease.  He  has  been  married  30  3'ears,  and  has  had  3  children. 
His  wife  had  no  miscarriages. 

The  present  condition  dates  from  the  first  of  the  year  when  both  lower  legs  became, 
gradually,   swollen  and  red.   and  walking  became   difficult  and  painful. 

On  admission  the  patient  appeared  as  an  old  well-developed  and  well-nourished  man 
with  a  temperature  of  97,  pulse  68,  and  respirations  24.  The  tongue  was  foul  and  covered 
with  a  mucopurulent  material.  The  gums  were  "poor."  The  lungs  appeared  normal. 
The  cardiac  rhythm  was  regular,  and  the  sounds  were  faint  and  weak.  The  abdomen  was 
flat.  Upon  both  lower  legs  there  were  large  infected  ulcerations  which  were  somewhat 
elevated  and  very  hyperemic.     The  urine  was  negative. 

The  next  note  made  two  weeks  later  says  that  the  condition  was  improved.  A  week 
later  the  patient  was  stuporous.     There  was  no  further  note  on  the  case. 

Death  occurred  on  March   14,   1917. 

Clinical  Diagnosis. — Dermatitis. 

AUTOPSY    PROTOCOIv     (h). 

The  body  was  that  of  a  fairly  well-nourished,  well-built,  white  man  of  apparently 
80  years.  The  pupils  were  equal.  Many  of  the  teeth  were  missing  and  some  of  those  which 
remained  were  decayed.  The  superficial  lymph  glands  were  not  appreciably  enlarged.  The 
chest  was  deep  and  barrel-shaped.  Upon  the  lower  two-thirds  of  the  right  leg  was  an 
area  over  which  the  skin  was  sloughed  and  upon  which  there  were  numerous  small  ulcers. 
In  a  corresponding  situation  on  the  left  leg  was  a  similarly  ulcerated  but  smaller  area 
of  dermatitis. 

The  body  cavities  contained  no  fluid.  The  mesentery  and  omentum  were  well  sup- 
plied with  fat.  The  appendix  was  in  situ  and  evidently  healthy.  When  the  sternum  was 
removed  the  lungs  did  not  collapse  chiefly  because  of  emphysema,  for  in  all  other  respects 
these  organs  were  normal,  except  that  in  the  upper  portion  of  the  left  lower  lobe  there 
w'as  a  small  infarct,  the  base  of  which  measured  2  cm.  in  diameter. 

The  heart  was  enlarged  to  fully  twice  its  normal  size.  Fully  three-fourths  of  the 
enlarged  organ  was  occupied  by  the  left  ventricle.  Nevertheless,  all  the  orifices  were 
dilated.  There  were  no  essential  valvular  changes.  The  left  ventricle  was  filled  in  its 
apical  half  by  a  large,  partially  firm  mass  of  adherent  red  clot  which  was  attached  most 
firmly  to  the  anterior  ventricular  wall  which  was  about  one-third  the  normal  thickness. 
Also,  externally,  the  anterior  left  ventricular  surface  presented  an  irregularly  shaped  soft- 
ened congested  area  with  rather  sharp  outlines  which  represented  a  myocardial  area  sup- 
plied by  the  descending  branch  of  the  left  coronary.  Dissection  of  the  coronaries  showed 
that  they  were  generally  sclerotic.  The  left  coronary  was  somewhat  narrowed  but  not 
exceedingly  so,  while  the  descending  branch  was  so  sclerotic  and  so  nearly  occluded  that 
the  finest  probe  could  not  be  made  to  pass.  The  myocardium  was  generally  pale  and  showed 
scattered  areas  of  fatty  degeneration.  The  papillary  muscles  were  exceedingly  fibrotic. 
The  aorta  showed  generally  distributed  fatty  patches  and  white,  glistening,  firm,  fibrotic 
areas,  associated  with  linear  intimal  wrinkling.  There  were  also  numerous  calcified  plaques, 
especially  in  the  abdominal  segment. 

The  liver  was  small  and  congested.  Section  showed  the  nutmeg  appearance  of  a 
passive  congestion  associated  with  an  evident  diffuse  fibrosis,  and  some  fatty  changes.  The 
spleen  was  not  unusual  though  it  was  congested-  It  was  of  the  normal  adult  size -and  there- 
fore enlarged. 

The  kidneys  were  embedded  in  large  amounts  of  perirenal  fat.  The  capsules  stripped 
with  fair  ease  leaving  somewhat  congested,  slightly  granular,  sclerotic  surfaces.  The  ven- 
ules were  prominent.  Upon  section  the  parenchyma  was  decidedly  congested.  The  cortices 
and  medullae  were  faint.  There  was  evidently  a  patchy  fatty  degeneration  of  the  cortical 
parenchyma. 
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The  bladder  contained  a  small  amount  of  turbid  urine.  The  prostate  was  somewhat 
enlarged.     There  was  nothing  remarkable  in  the  gastrointestinal  tract  or  pancreas. 

Anatomic  Diagnosis. — Coronary  arteriosclerosis  and  thrombosis;  myocardial  infarc- 
tion ;  cardiac  dilatation ;  myocardial  fibrosis  and  fatty  degeneration ;  aortic  atherosclerosis 
(luetic?);  passive  congestion  of  the  abdominal  viscera;  chronic  diffuse  nephritis;  pul- 
monary emphysema  and  infarction ;  ulcerative  dermatitis. 


Fig.    1. — Case   B.    818.      Infarction    of   the   papillary   muscle.      Myocardial    fatty    degeneration. 


Fig.   2. — Case  15.   818.      Cardiac   hypertrophy   and   dilatation;   ventricular   aneurysm    (partial);   ventricular 
thrombosis;    myocardial    fatty    degeneration. 


Kl".  MARKS 

It  seems  a  pity  that  the  chnical  notes  in  this  case  are  not  of  some  value. 
Nevertheless  the  heart  illustrates  the  effect  of  a  localized  lack  of  blood  in  the 
myocardium,  in  contrast  with  the  effects  exhibited  in  Case  T. 

Here,  although  there  was  some  <j[cnoral  coronary  sclerosis,  there  was  little 
general  myocardial   disturbance,  but    in   the   region   supplied  by    ihe   descending 
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branch  of  this  vessel,  the  muscle  was  badly ; damaged.  The  appearances  suggest 
that  the  sclerotic  process  had  been  progressing  for  some  considerable  period  of 
time  during  which  the  vessel  was  constricted  and  also  distorted  by  atheroma. 
They  also  suggest  that,  terminally,  a  thrombus  was  formed  in  the  atheromatous 
portion  and  that  this  quite  suddenly  blocked  the  vessel  and  so  led  to  the  appear- 
ance of  the  infarct.  That  there  was  some  time  elapsing  between  the  infarction 
and  the  older  process  is  suggested  by  the  dilatation  of  the  area  of  myocardium  in 
which  the  infarct  appeared  and  by  the  age  of  the  endocardial  portions  of  the 
interventricular  clot.  The  lack  of  blood  supply  was  tending  to  the  production  of 
a  cardiac  aneurism,  a  process  which  was  terminated  by  myocardial  death  and 
complete  cardiac  failure. 

CASE  III. 

E.  W.,  Hospital  No.  6774,  a  colored  woman,  37  years  of  age,  was  admitted  to  the 
Cincinnati  General  Hospital  on  Dec.  21,  1915,  complaining  of  "pain  across  the  chest." 

Family  History. — Negative. 

Past  History. — The  patient  had  been  a  healthj^  child.  She  had  the  usual  diseases  of 
childhood  and  has  had  many  attacks  of  sore  throat,  accompanied  by  rheum-atic  pains ;  but 
she  gave  no  history  of  inflammatory  rheumatism.  Menstruation  began  at  16  and  since 
then  has  been  accompanied  by  marked  dysmenorrhea.  At  the  age  of  32,  the  menstrual 
flow  became  prolonged  and  excessive,  and  at  33,  a  panhysterectomy  was  done.  The  patient 
says  a  tumor  was  removed.  Since  the  operation  she  has  been  well,  though  each  day  she 
has  had  to  take  a  cathartic.     She  has  had  no  children  and  no  miscarriages. 

Present  Illness. — Three  weeks  before  admission,  the  patient  had  a  gastric  upset  the 
cause  of  which  she  does  not  know.  This  was  characterized  by  vomiting,  pain  in  the 
chest,  headache,  and  general  weakness.  It  was  because  of  these  symptoms  that  the  patient 
came  to  the  hospital. 

Present  State. — The  patient  lies  quietly  in  bed  and  has  rapid,  shallow  respirations, 
and  no  movement  of  the  alse  nasi.  The  pupils  are  equal  and  react  to  light  and  during 
accommodation.  The  gums  are  slightly  pyorrheic.  The  throat  and  tonsils  are  reddened, 
but  upon  them  there  is  no  exudate.  The  anterior  cervical  glands  are  palpable.  The  chest 
is  symmetrical,  though  expansion  is  slightly  greater  on  the  right  than  on  the  left.  The 
vocal  fremitus  is  more  marked  on  the  right  than  on  the  left.  On  percussion  the  note  over 
the  left  apex  and  infraclavicular  space  and  downward  is  higher  pitched  than  on  the  right. 
Auscultation  is  entirely  negative.  The  apex  beat  is  neither  seen  nor  felt.  The  relative 
cardiac  dullness  reaches  10.5  cm.  to  the  left  in  the  fifth  interspace,  and  2.5  cm.  to  the  right 
in  the  fourth.  There  is  no  abnormal  retrosternal  dullness.  In  the  apex  region  a  soft, 
blowing,  systolic  murmur  is  heard,  well  transmitted  to  the  axilla.  The  second  aortic  is 
louder  than  the  second  pulmonic.  The  spleen  and  liver  are  not  felt.  Over  the  lower  right 
quadrant  there  is  an  increased  resistance  and  the  patient  complains  of  some  tenderness  in 
this   region. 

December  22. — The  patient  says  there  is  no  pain  in  the  chest,  though  there  is  marked 
epigastric  tenderness.  There  is  muscle  spasm  in  the  upper  half  of  each  rectus.  The 
respiratory  movements  are  free.  Auscultation  over  the  heart  shows  a  leathery  scratchy 
friction  rub  heard  between  the  first  and  second  sounds.  This  is  loudest  in  the  fifth  inter- 
space between  the  midsternal  and  parasternal  lines,  and  is  heard  as  high  as  the  third  rib. 
The  second  sounds  at  the  base  are  both  accentuated  and  of  about  equal  intensity.  Follow- 
ing the  second  sound  there  is  a  soft  systolic  murmur  heard  best  in  the  second  and  third 
interspaces  on  the  left.  The  friction  rub  is  not  palpable.  The  abdominal  pain  is  prob- 
ably referred  diaphragmatic.  The  apex  of  the  heart  is  palpable  beneath  the  fifth  rib.  The 
relative  cardiac  dullness  is  the  same  as  on  admission.  The  cardiohepatic  angle  is  90°.  The 
pulse  is  regular,  of  moderate  size,  and  rather  quick.  No  capillary  pulse  is  seen.  The  fric- 
tion rub  does  not  disappear  with  deep  breathing,  and  is  present  when  the  patient  holds  her 
breath.     (At  5  p.m.,  the  friction  rub  had  disappeared  and  was  never  heard  again.) 

December  23. — Systolic  and  diastolic  cardiac  murmurs  are  heard.  The  patient  has 
been  nauseated  and  has  vomited   frequently. 

December  2^. — Vomiting  has  disappeared  for  several  days.     The  pulse  rate  has  slowed. 
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The  size  of  the  heart  has  remained  unchanged  and  the  other  phenomena  are  still  present. 
Blood  pressure,  systolic  140,  diastolic  92. 

On  admission,  the  urine  was  negative.  Later  it  showed  finely  granular  casts.  A  blood 
culture  was  negative  on  Dec.  31.  On  admission,  the  leucocyte  count  gave  14,200,  of  which 
85  per  cent  were  neutrophils.  Hemoglobin,  85  per  cent.  Later  the  leucocyte  count  became 
normal  and  remained  so.     A   Wassermann  test  was  positive. 

During  the  hospital  period,  the  patient  had  several  attacks  of  tachycardia. 

The  first  two  days  in  the  hospital,  the  pulse  ran  between  120  and  150.  The  tempera- 
ture was  never  above  100.5°.  The  temperature  and  pulse  became  normal  and  remained  so 
until  Jan.  12,  when  the  pulse  gradually  began  to  rise  to  110.  On  Jan.  18,  the  pulse  rose  to 
160  and  the  temperature  to   100.5°.     The  pulse  then  gradually  returned  to  normal. 

Clinical  Diagnosis. — Coronary  thrombosis  (?);  syphilis;  syphilitic  aortitis;  aortic  in- 
sufficiency  (relative)  ;   healed   fibrinous  pericarditis. 

AUTOPSY    PROTOCOL 

The  body  was  that  of  a  well-nourished,  well-built  colored  woman  of  about  30  or  35 
years  of  age  and  5  feet,  3y2  inches  tall.  There  was  a  very  slight  edema  of  the  ankles. 
The  teeth  were  in  excellent  condition  for  the  most  part.  The  pupils  were  equal ;  rigor 
mortis  was  absent ;  postmortem  lividity  was  practically  absent.  Upon  the  abdomen,  run- 
ning from  the  umbilicus  to  the  pubes,  was  a  healed  linear  scar,  15  centimeters  long.  Over 
the  chest,  extending  from  nipple  to  nipple  and  measuring  9  cm.  in  width,  was  an  area  of 
pigmentation  similar  to  that  produced  by  the  application  of  a  mustard  plaster.  The  finger 
nails  were  pale.  There  were  no  external  signs  of  traumata.  The  subcutaneous  fat  was 
well  developed.  In  the  abdomen  was  a  small  amount,  a  few  hundred  centimeters,  of  a 
rather  clear  serous  fluid.  There  were  numerous  old  veil-like  adhesions  between  the  an- 
terior surface  of  the  liver  over  both  lobes  and  the  parietal  peritoneum.  One  loop  of  ileum 
and  the  omentum  were  adherent  to  the  anterior  abdominal  wall  just  below  the  umbilicus 
in  the  region  of  an  old  surgical  incision.  The  liver  was  enlarged  and  reached  to  a  point 
14  centimeters  below  the  ensiform.  The  peritoneum  covering  the  intestines,  and  the 
parietal  peritoneum  were  smooth  and  shiny,  and  showed  no  evidence  of  inflammatory 
changes.  The  appendix  was  present,  9  cm.  long,  and,  from  its  beginning,  ran  directly  upward 
along  the  posterior  surface  of  the  cecum.  The  stomach  was  moderately  dilated  and  had 
an  hour-glass  shape.  When  the  sternum  was  removed,  there  was  a  gush  of  clear  serous 
fluid  from  each  pleural  cavity,  and  the  lungs  did  not  collapse.  There  were  a  few  old  ad- 
hesions in  the  upper  part  (posterior)  of  the  left  pleural  cavity,  none  in  the  right.  \Mien 
the  bronchi  were  cut,  it  was  found  that  there  was  a  large  amount  of  fluid  in  them.  The 
mediastinal  tissues,  especially  at  the  hilum  of  the  lungs,  were  edematous.  There  was  very 
little  pigmentation,  anthracosis,  and  no  congestion.  There  was  crepitation  throughout. 
There  was  a  small  amount  of  clear  straw-colored  pericardial  fluid.  The  blood  was  fluid. 
The  omentum  was  adherent  to  the  posterior  part  of  the  wall  of  the  pelvis  over  the  rectum 
and  the  sigmoid  formed  a  very  sharp  long  loop  just  before  it  entered  the  pelvis.  Behind 
this  loop  of  sigmoid,  the  small  intestine  ran  and  was  adherent  to  the  sigmoid  low  in  tlic 
pelvis.  The  mesenteric  lymph  glands  were  moderately  hyperplastic.  There  were  old  ad- 
hesions between  the  cardiac  portion  of  the  stomach  and  the  left  lobe  of  the  liver.  The 
uterus,  both  tubes,  and  ovaries  were  missing.  The  bladder  was  small  and  contracted.  The 
stomach  was  filled  with  partially  digested  food.  The  mucous  membrane  of  the  stomach 
was  covered  with  a  thick  layer  of  rather  tenacious  mucus.  There  was  no  evidence  of  ulcera- 
tion or  scar  on  the  internal  surface  of  the  stomach.  The  duodenum  showed  no  obvious 
abnormality.     The  pancreas  was  not  abnormal. 

The  heart  was  enlarged,  the  hypertrophy  affecting  particularly  the  left  ventricle.  The 
tricuspid  orifice  admitted  the  passage  of  three  and  a  half  fingers.  The  pulmonary  orifice 
was  apparently  normal.  The  mitral  admitted  two  fingers ;  the  aortic  admitted  one  and  a 
half  fingers.  The  aortic  leaflets  were  only  very  slightly  thickened  at  the  edges,  but  tlie 
whole  aortic  region  immediately  above  the  valves  was  tremendously  thickened,  contracted, 
sclerotic,  and  just  above  the  junction  of  the  right  and  left  leaflets,  there  was  an  area  which 
resembled  true  bone,  within  the  aortic  wall.  This  area  measured  9  mm.  in  thickness  and 
there  was  some  evidence,  to  the  eye,  of  marrow  formation  in  this.  The  mouth  of  the  right 
coronary  was  very  much  contracted  so  that  only  the  tip  of  a  fine  probe  was  admitted.  The 
mouth  of  the  other  coronary  also  was  contracted,  though  not  to  the  same  degree.  The 
whole  arch  of  the  aorta  was  the  seat  of  a  typical  syphilitic  mcsaortitis,  with  very  little 
calcification  but  a  fair  amount  of  fatty  degeneration.  The  coronarics  themselves  were  not 
sclerotic.     There   was  no   macroscopic   evidence   nf   tlirombo^is   or   I'lnbcilisin,      Tlie   walls  of 
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the  left  ventricle  were  thickened,  firm  and  contracted.  The  myocardium  showed  evidence 
of  fibrosis  and  also  of  parenchymatous  changes  which  were  particularly  well  seen  in  the 
papillary  muscles'  in  which  there  was  evidence  of  a  considerable  amount  of  fatty  change. 
The  left  papillary  muscle  appeared  to  be  the  seat  of  an  almost  complete  myomalacia  super- 
imposed upon  a  fibrosis.     The  other  valves  of  the  heart  were  apparently  normal. 

The  liver,  1280  grams,  was  flabby,  congested  and  gray.  These  changes,  together  with 
the  peripheral  adhesions,  were  the  only  abnormalities  in  this  organ.  The  gall  bladder  was 
filled  with  a  thin  brownish  mucoid  bile.  The  ducts  were  patent.  There  were  no  calculi.  The 
spleen  was  of  about  normal  size.  The  capsule  was  slightly  and  irregularly  thickened,  and 
running  along  the  anterior  edge,  1  cm.  from  the  edge,  was  a  broad  linear  scar  that  had 
caused  a  puckering  in  the  organ.  On  section,  the  pulp  was  moist  and  of  good  color.  The 
malpighian  bodies  were  not  visible.  The  left  kidney  was  slightly  smaller  than  normal, 
the  capsule  was  somewhat  adherent,  though  it  removed  with  fair  ease  and  tore  the  cortex 
in  but  a  few  places.  The  surface  was  paler  than  normal.  The  cortex  was  somewhat 
thinned,  as  was  also  the  medulla.  The  line  of  demarcation  between  the  cortex  and  medulla 
was  not  brilliant.  There  was  moderate  congestion  of  both  cortex  and  medulla  with  evi- 
dence in  linear  striae  of  fibrosis  of  the  pyramids.  The  right  kidney  was  a  little  larger,  175 
grams,  than  the  left,  but  the  general  appearances  were  the  same.  The  lungs  were  volumin- 
ous, pale,  crepitated  throughout,  and  were  soggy.  The  pleural  surfaces  were  smooth  except 
that  of  the  apex  of  the  lower  left  lobe  where  there  was  a  mass  of  tags  of  old  adhesions. 
There  were  no  adhesions  between  the  lobes.  The  apices  were  not  scarred.  On  section, 
the  tissue  seemed  to  be  saturated  with  fluid  which  dripped  from  the  cut  surface.  Edema 
was  very  well  marked.     The  adrenals  showed  no  obvious  changes. 

Anatomic  Diagnosis. — Syphilitic  mesaortitis ;  contraction  of  the  coronary  orifices; 
myocardial  fibrosis  and  degeneration;  cardiac  hypertrophy  and  dilatation;  slight  chronic 
nephritis;  catarrhal  gastritis;   hystero-oophorectomy    (old). 

REMARKS 

The  progress  of  events  in  this  case  may  have  been  somewhat  as  follows : 
As  the  result  of  the  development  of  a  specific  infection  which  affected,  as  it 
usually  does,  both  myocardium  and  aorta,  both  became  fibrotic  and  less  elastic. 
As  a  result  of  this,  particularly  of  the  lack  of  elasticity,  the  myocardium  under- 
went hypertrophy.  Later,  the  aortic  sclerosis  developing  about  the  mouths  of  the 
coronaries  began  to  narrow  them  to  such  an  extent  that  gradually  the  supply  of 
blood  to  the  m3^ocardium  was  reduced  to  a  point  when,  during  exertion,  was  not 
sufficient  for  the  needs.  Transient  myocardial  failure  resulted,  but  this  passed 
away  with  rest.  Finally,  the  coronaries  became  so  diminished  in  size  that  even 
in  the  absence  of  exertion  not  enough  blood  reached  the  myocardium  and  it  failed 
permanent!}'. 

SUMMARY* 

These  cases,  taken  together,  illustrate  the  effects  of  gradual  cutting  down  of 
the  blood  supply  to  the  myocardium.  In  two  cases  the  process  was  diffuse,  slow 
and  gradual,  and  led  to  general  ventricular  dilatation.  In  the  other,  the  process 
was  limited  to  one  coronary  and,  in  particular,  to  one  branch.  During  a  certain 
period  the  result  was  gradual  though  localized,  dilatation  tending  to  the  produc- 
tion of  a  cardiac  aneurysm.  In  the  final  period  the  process  was  abrupt  and 
produced  an  infarct. 


*Other  coronary  disease  sequels  have  been  commented  upon  in  a  former  paper  on  Cardiac  Aneurysms, 
in   this  journal.    1917,  ii,   221. 


LABORATORY  METHODS 


THE  GERMICIDAL  VALUE  OF  THE  COMMON  GYNECOLOGIC 
DOUCHING  AGENTS* 


By  J.  R.  Stark,  M.D.,  Cincinnati,  Ohio 

THE  prevailing  skepticism  displayed  as  to  the  intrinsic  germicidal  value  of 
the  common  gynecologic  douching  agents  has  prompted  this  series  of 
experiments,  wherein  the  solutions  were  used  under  conditions  approaching  as 
nearly  as  possible  those  of  the  human  body. 

So  far  as  could  be  ascertained,  the  method  employed  in  these  investigations 
is  original.  The  attempt  w^as  made  to  avoid  complicated  methods,  to  omit  such 
phases  as  the  Rideal-Walker  phenol  coefficient,  etc.  The  douches  employed  at 
the  Cincinnati  General  Hospital  and  commonly  in  use  in  private  practice  were 
used  in  this  instance.  To  the  general  physician  facts  which  are  stated  in  simple 
terms — results  which  are  tabulated  or  given  in  practical  forms — are  of  more 
interest  and  of  more  value  than  more  scientifically  stated  and  deeply  complicated 
experiments  which  are  not  readily  applicable  to  cases  at  hand. 

TECH  NIC 

The  solutions  used  were  bichloride  of  mercury  in  the  strengths  of  1 :1000, 
1:4000,  1:15,000;  lysol,  )/  per  cent;  potassium  permanganate,  1:1500;  and  nor- 
mal saline  as  a  control.  The  bacteria  employed  were  stock  24-hour  cultures  of 
staphylococcus  pyogenes  aureus,  obtained  from  a  case  of  furuuculosis,  B.  coli 
of  intestinal  origin;  and  B.  subtilis.  B.  subtihs,  a  spore-former,  was  used  to 
determine  the  action  of  the  germicides  on  this  type  of  organism. 

Suspensions  were  made  of  the  above  fresh  24-hour  cultures  as  in  preparing 
vaccines,  and  one  loopful  of  this  suspension  was  transferred  to  a  test  tube  one- 
third  full  of  sterile  normal  saline.  A  loopful  of  this  greatly  diluted  bacterial 
suspension  was  then  added  to  melted  plain  agar  tubes,  sufficiently  cooled  so  as 
not  to  interfere  with  bacterial  growth.  These  tubes  were  rolled  in  grooves  on 
ice,  the  agar  quickly  solidifying  and  forming  a  thin,  uniform  film  about  the  sides 
and  bottom  of  the  test  tubes.  Owing  to  the  constant  amount  of  agar  and  the 
uniform  size  of  the  tubes,  the  films  were  practically  two  to  three  millimeters 
in  thickness  and  practically  uniform.  These  tubes  were  i)lace(l  in  the  incubator 
for  24  hours.  At  the  end  of  this  time  discrete,  superficial,  and  deep  colonics  w  ero 
readily  visible.  The  lubes  were  then  ready  ior  irrigation.  'IMu'm'  IuIh-s  were 
considered  to  represent  the  vagina;  the  agar  rei)resenting  a  smooth  mucous 
membrane  covered  with  bacteria,  and  the  deeper  colonies  rci)resenting  collec- 
tions of  organisms  in  the  deeper  glands  and  crypts. 


'From    the    Mary    M.    Kmciy    Dcpartiiiciil    of    I'alholoKy.    riiivcrsity    of    Cincinnati. 
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The  irrigation  apparatus  consisted  of  a  four-gallon,  distilled  water  labora- 
tory bottle.  From  the  outlet  there  extended  a  Y  tube  to  the  branches  of  which 
were  connected,  by  short  pieces  of  rubber  tubing  two  long  capillary  pipettes. 
A  similar  outfit  was  employed  which  contained  sterile  normal  saline  solution. 
With  this,  the  excess  germicide  was  washed  ofif  following  irrigation. 

The  large  bottle  was  filled  with  the  germicidal  fluid  to  be  used  in  each 
experiment.  Two  inoculated  and  incubated  roll  tubes  were  then  placed  in 
inclined  racks.  The  capillary  pipettes  w-ere  inserted  to  the  bottom  of  each 
test  tube  and  the  germicidal  fluid  allowed  to  run  in  slowly.  The  tubes  were  so 
placed  in  the  racks  that  the  fluid  would  rise  in  the  tubes  and  keep  the  artificial 
mucous  membrane  constantly  bathed  with  germicide.  The  flow  was  controlled 
by  screw  clamps  applied  to  the  rubber  tubing  so  that  fifteen  minutes  were 
required  for  the  use  of  one-half  pint  of  the  solution.  The  fluid,  after  washing 
over  the  surface  of  the  agar,  rose  in  the  tube,  finally  trickling  out  of  the  mouth. 
The  force  of  the  stream  was  quite  sufficient  to  wash  ofif  many  of  the  super- 
ficial colonies,  but  was  not  swift  enough  to  loosen  the  agar.  Following  this 
irrigation  for  fifteen  minutes,  the  tubes  were  inverted,  the  germicidal  fluid 
allowed  to  drip  out,  and  the  tube  then  washed  with  normal  saline  solution  in 
order  to  wash  off  any  excess  germicide  on  the  agar.  The  tubes  were  again 
inverted  tmtil  quite  dry,  when  the  cotton  plugs  were  thoroughly  flamed  and 
inserted  into  the  tubes  (these  plugs  had  been  kept  in  sterile  petri  dishes  during 
irrigation).     The  test  tubes  were  again  incubated  for  24  hours. 

In  every  experiment,  ten  roll  tubes  of  each  of  the  bacteria  were  used  with 
each  germicidal  solution.  Each  experiment,  therefore,  represents  the  action  of 
the  germicide  in  sixty  cultured  tubes,  thirty  of  the  superficial  and  thirty  of 
the  deeper. 

Five  cubic  centimeters  of  sterile  normal  saline  were  added  to  each  of  the 
irrigated  tubes — these  were  gently  agitated  in  order  to  wash  off  any  superficial 
growth.  In  practically  all  instances  the  saline  contained  large  floating  colonies, 
or  was  clouded  with  bacterial  suspension.  This  saline  solution  was  then  trans- 
ferred to  a  plain  broth  medium.  In  order  to  obtain  the  deeper  colonies,  these 
were  picked  out  by  means  of  a  platinum  loop  and  broken  up  on  the  sides  of 
other  plain  broth  tubes.     The  tubes  in  each  series  were  numbered  from  1  to  10. 

This  second  series  was  again  incubated  and  examined  at  the  end  of  24  hours. 
All  tubes  appearing  to  contain  a  growth  w^ere  now  subcultured  on  plain  agar 
slants ;  the  growths  were  later  examined  microscopically.  All  tubes  showing  no 
growth  were  again  incubated  from  one  to  two  wrecks.  Those  tubes  which  had 
remained  sterile  for  24  hours  continued  to  remain  sterile  for  the  time  of  obser- 
vation. This  would  serve  to  demonstrate  that  in  these  the  action  of  the  germi- 
cidal fluid  was  not  retardative  in  character,  but  destructive. 

In  order  to  be  certain  that  bacteria  in  the  superficial  suspensions  and  deeper 
bits  of  agar  were  transferred,  the  debris  at  the  bottom  of  the  tubes  containing 
no  growth  was  removed  and  examined  microscopically  and  in  all  instances 
showed  bacteria  which  had  evidently  been  killed. 

Another  series  of  experiments  was  carried  out  practically  in  the  same  man- 
ner, with  the  exception  that  normal  saline  was  used  in  the  place  of  a  germicide. 
In  this  series  the  bacteria  were  uninfluenced.     This  was  done  in  order  to  prove 
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that  irrigation  with  germicides  was  not  mechanically  eliminative  in  effect,  but 
truly  germicidal. 

In  the  accompanying  table  the  results  are  arranged  so  that  the  figures  rep- 
resent the  percentage  of  the  tubes  in  which  the  germicide  was  effective  ;■  i.  e., 
bacterial  death  resulted.  The  numerator  represents  results  on  superficial  growth, 
and  the  denominator,  the  deeper  eft"ects.  It  will  be  seen  that  bichloride  of  mercury 
in  1:1000  and  1:4000  strengths  destroyed  all  the  bacteria:  B.  coli,  the  staphylo- 
cocci, and  the  spore- former,  B.  subtilis.  In  the  1  :  15,000  solution,  the  spore- 
former  remained  viable  while  the  two  other  types  of  bacteria  were  destroyed. 
Lysol,  Yi  per  cent  strength,  was  about  as  effective  as  bichloride  of  mercury, 
1:1500;  that  is,  about  90  per  cent  efficient.  Potassium  permanganate  in  1:1500 
strength  was  remarkably  without  effect  in  any  of  the  types.  Normal  saline  did 
not  even  act  as  an  eft'ective  mechanical  eliminant. 


T.\BULATED  Results  of  Experiment 


SOLUTION 

STRENGTH 

LOCATION 

STAPHYLOCOCCUS 

B.  COLI 

B.  SUBTILIS 

Bichloride 

1:1000 

superficial 

100 

100 

100 

deep 

100 

100 

100 

Bichloride 

1:4000 

superficial 

100 

100 

100 

deep 

100 

100 

100 

Bichloride 

1:15,000 

superficial 

100 

100 

0 

deep 

100 

90 

0 

Lysol 

V2% 

superficial 

80 
100 

100 
100 

0 

deep 

0 

Potassium 

1:1500 

superficial 

0 

0 

0 

permanganate 

deep 

0 

0 

0 

Dakin's  solution 

superficial 

100 

80 

100 

deep 

100 

100 

100 

Normal   sa 

ine 

superficial 

0 
0 

0 
0 

0 

deep 

0 

Figures  represent  the  percentage  of  tubes  wherein  the  germicidal  action  of  the  ftuids  was  effectiv 

Here  then,  by  means  of  a  series  of  simple  experiments,  we  see  the  effec- 
tiveness of  germicidal  douching  fluids  m  vitro.  Of  course,  the  roll  tube  is  an 
idealized  vagina,  without  folds  or  pockets  for  the  seclusion  of  microorganisms, 
and  the  two  can  hardly  be  compared.  Still,  if  potassium  permanganate  is  inef- 
fective in  the  roll  tube,  it  surely  will  have  little  efi'ect  in  a  vagina.  On  the  other 
hand,  bichloride  in  1  :1000  and  1  :4000  strengths  is  evidt'ntl\-  ihonnighlv  cft"cctive 
in  destroying  all  superficial  growth  and  further  penetrating  agar  two  to  three 
millimeters  and  is  here  similarly  destructive.  Bichloride  in  the  higher  dilutions 
(1:15,000)  or  lysol,  j/^  per  cent,  is  apparently  just  as  efficient  for  the  pathogenic 
types  of  organisms.  1'hereforc.  for  those  who  fear  to  use  bichloride  as  a  douche 
because  of  the  possibility  of  bichloride  poi.soning,  the  higher  dilution  would  seem 
to  give  just  as  satisfactory  results.  Ly.sol,  />  per  cent,  is  just  as  effective  as  the 
last,  and  is  decidedly  less  dangerous. 

It  would  have  been  well  to  have  exi)erinK'ntcd  with  the  gonococcus  in  a 
similar  manner,  but,  owing  to  the  difiiculties  of  its  cultivation  and  its  pathogenicity, 
it  was  not  considered.     It  is  only  fair  to  say,  Iiowcmt,  lli.il  the  gonococcus  verv 
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probably   ranks   with  the  nonspore-forming   organisms   used  in  the   experiment 
and  should  as  easily  be  destroyed. 

Because  of  the  present  interest  in  Dakin's  solution,  this  was  also  added  to 
the  series.  This  solution,  from  personal  experience,  has  been  far  too  irritating  as 
a  douching  agent  and  will  not  be  borne  by  patients.  Still  in  the  short  time  that 
it  was  in  contact  with  the  bacteria  (15  minutes)  it  was  as  efficient  as  bichloride 
in  1 :1000  strength. 

CONCLUSIONS 

1.  Bichloride  of  Mercury  destroyed  B.  coli,  staphylococcus  pyogenes  aureus, 
and  the  spore-former,  B.  subtilis  wdien  employed  as  a  germicide  in  the  preceding- 
experiment  in  low  dilutions  (1 :1000  and  1 :4000)  in  fifteen  minutes. 

2.  Lysol,  y2  per  cent,  is  as  effective  a  germicide  as  a  1  :  15,000  bichloride 
solution  as  determined  by  the  same  procedure. 

3.  Potassium  permanganate  1 :1500  strength,  when  used  in  the  same  man- 
ner as  lysol  and  bichloride,  is  wholl}-  ineffective. 

4.  The  solutions  used  did  not  inhibit  bacterial  growth,  but  destroyed  it 
wherever  effective  at  all. 

5.  Washing  or  irrigating  with  normal  saline  will  not  remove  all  bacterial 
growth. 


AN  EXPERIMENTAL  STUDY  OF  ROOT-FILLED  TEETH 
PRELIMINARY  REPORT 


By  M.  B.  Cohen,  M.D.,  West  Salem,  Ohio 


SINCE  the  epochal  work  of  Billings  and  Rosenow,  many  diseased  conditions 
have  been  traced  to  focal  infections  in  the  oral  cavity ;  clinicians  have  learned 
that  the  mouth  contains  something  besides  the  tongue  and  are  intelligently  ex- 
amining the  teeth  and  the  tonsils.  Until  recently  medical  students  and  internes 
were  not  taught  to  notice  the  condition  of  the  gums  and  teeth  or  to  associate 
disease  in  these  organs  with  the  patient's  bodily  ills.  They  w^ere  allow^ed  to 
gain  the  impression  that  these  organs  served  a  mechanical  purpose  only,  and 
that  their  pathology  was  of  importance  only  in  proportion  to  the  disturbance  of 
local  function  which  it  caused.  Lately  many  observers  have  commented  on  the 
remarkable  clinical  results  in  arthritis,  neuritis,  myositis,  and  other  obscure  S3'mp- 
tom-complexes  following  proper  dental  procedures. 

Because  it  is  relatively  easy  to  diagnose  a  case  of  pyorrhea  and  to  get  the 
cooperation  of  the  patient  in  carrying  out  proper  methods  of  treatment,  the  rela- 
tion of  this  disease  to  many  systemic  conditions  has  been  established  clinically. 

There  is  another  type  of  tooth  disease,  however,  which,  while  not  so  spectacu- 
lar in  its  local  end  results,  is  probably  as  dangerous  to  the  health  of  the  patient, 
namely,  the  periapical  infection.  L^nless  accompanied  by  a  fistula,  this  painless 
condition  was,  until  recently,  undiagnosed  or  disregarded,  as  it  was  a  common 
practice  to  regard  a  painless  tooth  as  a  healthy  one.  The  routine  use  of  the  x-ray 
has  made  the  diagnosis  relatively  easy  and  has  instituted  a  study  of  this  type  of 
infection  by  many  w^orkers.     It  has  been  claimed  to  be  possible  to  completely 
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Sterilize  these  areas  through  the  root  canals,  to  completely  fill  the  latter,  and  to 
eradicate  the  disease ;  and  roentgenograms  have  been  produced  which  apparently 
show  a  growth  of  new  bone  around  the  tooth  apex. 

While  such  results  may  be  possible  in  the  hands  of  an  expert  like  Callahan, 
of  Cincinnati,  it  is  useless  to  expect  the  rank  and  file  of  dentistry  to  do  this  work, 
as  it  requires  great  patience,  accuracy,  absolute  asepsis,  and  bacteriologic  control 
of  each  stage  of  the  operation. 

That  root  canal  filling  in  average  hands  does  not  eradicate  the  disease  is 
shown  by  the  following  study  of  six  cases  of  polyarthritis. 

Sixty-two  cultures  were  made  from  "locked  areas"  beyond  the  apices  of 
eighteen  teeth  that  had  been  root  filled  from  six  months  to  twenty  years  pre- 
viously by  sixteen  different  dentists,  some  of  whom  are  supposed  to  be  authorities 
in  their  profession.  The  following  two  methods  for  obtaining  cultures  were 
used:  If  the  culture  was  made  for  research  purposes  only,  the  gum  and  alveolar 
process  were  isolated  with  cotton  rolls  like  those  used  routinely  in  dentistry, 
dried,  and  painted  with  full  strength  tincture  of  iodine.  A  dental  hypodermic 
syringe,  which  had  been  previously  boiled  and  allowed  to  cool,  was  fitted  with  a 
needle,  sterilized  in  the  same  way  and  finally  passed  through  a  bunsen  flame.  A 
puncture  was  then  made  through  the  gum  and  alveolar  process  down  to  the  root 
tip,  and  an  attempt  was  made  to  aspirate.  The  aspirated  material,  whether  visible 
or  not,  was  transferred  to  suitable  culture  media  and  taken  to  the  laboratory  for 
study.  Care  was  taken  to  culture  only  those  teeth  which  had  no  pyorrhea  pockets 
surrounding  them.  If  the  tooth  was  to  be  extracted,  an  area  for  two  inches 
around  was  isolated  with  cotton  rolls  and  painted  with  iodine.  The  region  was 
then  infiltrated  with  novocaine  solution  which  had  been  boiled  and  proved  to  be 
sterile  by  bacteriologic  checks.  The  electrocautery  was  next  used  around  the 
•neck  of  the  tooth  and  it  was  extracted  through  this  sterile  field  with  a  forceps 
which  had  been  heated  in  the  flame.  The  apex  was  then  clipped  off  into  the 
culture  medium  by  means  of  a  heavy  rongeur  forceps  which  had  also  been 
flamed. 

Growth  was  obtained  without  exception  from  each  of  the  sixty-two  cultures 
on  some  one  of  the  media  used.  The  organisms  usually  isolated  were  those 
found  normally  in  the  mouth.  The  streptococcus  viridans  was  the  predominating 
one;  it  occurred  in  sixty  cultures.  The  staphylococcus  family  was  represented 
in  sixteen,  always  in  combination  with  the  streptococcus,  while  the  colon  bacillus 
was  isolated  in  pure  culture  once.     One  culture  yielded  bacillus  acidophilis. 

It  was  not  possible  to  obtain  cultures  from  normal  teeth  by  extraction  so 
that  control  of  the  second  cultural  method  described  above  could  not  be  obtained. 
The  area  beyond  the  apex  of  one  normal  tooth  was  asjiiraled  and  cultured  for 
control  purposes.     This  did  not  yield  a  growth. 

If  present  day  dental  technic  in  average  hands  does  not  eradicate  this  type 
of  mouth  infection,  it  is  evident  that  dead  teeth  in  a  patii-nl's  mouth  are  a  source 
of  danger.  Unless  an  expert  root  canal  operator  is  at  hand,  it  is  good  practice 
to  have  such  teeth  removed.  To  obtain  the  best  results  iIumc  must  be  complete 
cooperation  between  the  physician  and  the  general  dental  practilioner  that  they 
may  decide  which  teeth  should  be  ])reserved  and  wliiili  teeth  must  be  rt-nioxed. 


MODIFICATIONS  OF  THE  SOXHLET  EXTRACTOR* 


By  J.  \\'.  Weir,  Oki^ahoma  City,  Okla. 


T^HE  Soxhlet  extractor  requires  that  the  material  to  be  extracted  shall  be  a 
J-  solid,  and,  in  consequence,  liquids  or  semisolids  can  be  handled  only  after 
evaporation  to  the  solid  state.  The  described  modification  allows  of  the  Soxhlet 
being  used  to  extract  liquids  .with  either  lighter  or  heavier  solvents,  the  only  re- 
quisite being  that  the  solvent  shall  be  immiscible.  When  ether  or  any  other 
solvent  floating  on  the  solution  being  extracted  is  used,  the  modification  con- 
sists of  the  test  tube  A  having  a  perforation  C  blown  in  its  side  at  a  point 
higher  than  the  upper  level  of  the  Soxhlet  siphon.  The  material  to  be  ex- 
tracted is  placed  in  this  tube  A  and  the  funnel  B,  made  by 
drawing  out  a  test  tube  in  the  blast  lamp,  is  placed  inside  of  A. 
The  mouth  of  this  funnel  should  be  large  enough  to  insure 
the  catching  of  the  solvent  as  it  drops  from  the  condenser, 
but  must  not  fit  tightly  within  the  extractor,  since  vapors  must 
pass  around  it. 

The  material  being  extracted  will  remain  in  the  bottom 
of  test  tube  A,  while  the  ether  or  other  solvent  passes  down 
through  B,  and  up  through  the  material  being  extracted,  and 
overflows  throvigh  opening  C  into  the  body  of  the  extractor. 
\\'hen  this  overflow  has  reached  the  crest  of  the  siphon,  it  will 
l)e  siphoned  ofif  into  the  lower  flask,  but  as  opening  C  is  above 
the  level  of  this  siphon  the  material  being  extracted  is  not 
drawn  into  the  lower  flask. 

If  extraction  is  being  carried  on  with  a  solvent  which  is 
heavier  than  the  material  extracted,  the  funnel  B  is  not  used, 
but  is   replaced   by  a   second  test  tube  fitting  loosely   within 
tube  A  and  having  a  small  hole  blown  in  its  bottom.     This 
inner  test  tube  must  reach  well  towards  the  top  of  the  extrac- 
tion chamber.     Test  tube  A  is  removed  from  the  extractor 
Hand  filled  as  far  as  overflow  C  with  the  solvent. 
The  bottom  of  this  test  tube  is  then  introduced  into  A 
far  enough  that  at  least  one  or  two  inches  of  solvent  rises 
within  it.     The  sample  is  then  introduced  into  the  inner  test 
tube  and  the  two  tubes  are  placed  in  the  extractor.    The  solvent 
drops  through  the  material  being  extracted  in  the  inner  test  tube,  passes  out 
through  the  perforated  bottom,  into  the  tube  A,  overflowing  at  C  and  completes 
the  siphoning  into  the  lower  flask,  as  in  the  first  described  modification. 

For  making  ether  extractions  of  milk,  feces,  blood,  etc.,  these  modifications 
of  the  Soxhlet  are  decidedly  saving  of  time  and  in  no  way  affect  the  accuracy  of 
the  extractions. 


*From   the   Clinical   and    Research   Laboratories   of  the   Wesley   Hospital,    Oklahoma    City,    Okla. 
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EDITORIALS 


Our  Former  Teachers  in  Germany 

MA XV  medical  men  in  thi.s  countiy  have  visited  Germany  for  the  purpose  of 
continuing  their  studies.  The  laboratories  and  clinics  of  German  universi- 
ties were  cjuite  familiar  to  American  medical  men.  We  know  the  Anglo-American 
Societies  at  Berlin  and  Vienna  and  have  spent  many  pleasant  evenings  at  them. 
There  we  met  many  of  our  colleagues  from  this  side  and  were  introduced  to 
leading  German  professors  who  talked  to  us  and  considerately  offered  to  form 
classes  in  the  various  medical  specialties  if  so  many  Avould  attend  at  so  many 
marks  each.  We  learned'much  at  some  of  these  special  clinics  and  lectures,  and 
our  professors  were  able  t(^  convert  many  dollars  into  marks.  The  relations 
between  teacher  and  students  were  pleasant  and  for  the  most  part  profitable  to 
both.  We  learned  to  admire  many  of  these  great  teachers  and  possibly  to  love  a 
few  of  ihciii.  \\  hen  the  war  began  our  old  teachers  assumed  that  iboir  old 
students  would  be  pro-German.  Indeed,  they  could  conceive  of  nothing  else. 
Probablv  no  one  in  this  country,  nol  of  German  birth  or  descent  understood  the 
German  mind  and  its  attitude  toward  science  and  truth  belter  than  lliose  of  us 
who  had  studied  in  German  universities.     To  us  the  German  professor  revealed 
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himself  better  and  more  fully  than  anyone  else  could  have  done.  Every  lecture 
and  demonstration  was  an  exhibition  of  his  psychology'  and  in  this  there  were 
many  things  which  no  truth-respecting  individual  could  admire.  He  was  generally 
a  learned  man  in  a  narrow  way,  but  too  often  his  learning  was  greatly  over- 
shadowed by  his  arrogance.  To  him  science  was  "Die  deutsche  W'issenschaft" 
and  he  found  frequent  opportunity  to  extol  it.  He  seldom  referred  to  the  re- 
searches of  the  men  of  other  nations,  and,  when  he  did  so,  he  most  authoritatively 
criticized,  minimized,  or  misstated  the  facts. 

In  a  course  of  lectures  on  the  development  of  abdominal  surgery  I  heard  one 
of  the  most  eminent  of  German  professors  say  that  Bilroth  was  the  first  to  do  an 
ovariotomy.  As  I  listened  I  thought  of  the  shades  of  Ephraim  McDowell  and 
his  immediate  American  and  English  successors,  and  I  wondered  whether  igno- 
rance or  arrogance  was  the  basis  of  the  false  statement,  and  I  pitied  my  German 
coauditors  who  evidently  accepted  it  as  truth.  In  this  instance  I  did  dare  to 
remonstrate  with  the  learned  man  at  the  close  of  his  lecture,  but  the  interview  still 
left  me  undecided  between  his  ignorance  and  arrogance.  A  course  of  lectures  in 
the  history  of  our  knowledge  of  digestion  contained  no  reference  to  the  work  of 
our  Beaumont  and  Dunglison,  although  it  is  true  that  at  the  ^-er}-  time  that 
Beaumont  was  making  his  classical  studies  on  Alexis  St.  Martin,  the  professor  of 
physiology  in  the  University  of  Berlin  was  teaching  that  the  stomach  is  simply  a 
storage  and  not  a  digestive  organ.  I  have  searched  the  voluminous  German 
literature  on  toxins  and  antitoxins  without  finding  mention  of  the  fundamental 
researches  of  Mitchell  and  Reichert  at  the  University  of  Pennsylvania  or  that  of 
Sewall  at  the  University  of  Michigan.  On  the  other  hand,  Calmette  and  other 
French  immunologists,  on  visiting  Ann  Arbor,  have  first  of  all  wished  to  see  the 
place  where  Sewall  first  immunized  pigeons  to  snake  venom.  The  German  pro- 
fessor begins  the  history  of  tuberculosis  with  the  discovery  of  the  bacillus  by 
Koch,  and  one  would  in  no  way  detract  from  the  honor  due  to  the  untiring  zeal 
of  this  great  man;  but  it  is  a  fact  that  at  least  a  decade  before  Koch  began  his 
work  on  tuberculosis,  Villemin  had  demonstrated  the  presence  of  a  virus  in  the 
tissue  and  certain  excretions  of  tuberculous  animals,  including  man.  Indeed,  he 
went  much  further  than  this  and  demonstrated  the  unity  of  tuberculous  infections, 
a  fact  up  to  that  time  most  vigorously  denied  by  Virchow  and  other  German 
teachers. 

We  know  how  the  German  mind  has  misunderstood  and  misinterpreted  the 
teachings  of  Darwin.  In  the  "survival  of  the  fittest,"  he  has  decided  that  he  is  the 
only  one  "fit."  "In  the  struggle  for  existence,"  he  has  shown  himself  capable  of 
using  the  most  brutal  weapons  and  to  resort  to  the  pros.titution  of  science  to  the 
accomplishment  of  his  personal  and  national  desires.  His  arrogance,  so  plainly 
in  evidence  in  his  classrooms  years  ago,  has  grown  into  a  megalomania  which  has 
engulfed  the  world  in  a  cataclysm  and  threatens  to  overthrow  the  pillars  of  civili- 
zation. The  German  mind  is  still  in  an  infantile  state,  and  science  in  German 
hands  is  as  dangerous  as  explosives  in  a  playroom. 

American  scientists  who  have  studied  at  German  universities  are  not  as  a 
rule  pro-German.  Individually  we  respected  many  of  our  teachers,  but  we  were 
not  blind  to  their  defects.     Because  we  did  not  leave  the  table  in  rudeness,  they 
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assumed  that  we  enjoyed  the  food  they  supplied,  and  we  did.  There  was  some 
real  sustenance  in  the  broth  and  a  few  plums  in  the  pudding,  enough  to  make  it 
worth  while,  since  we  alread}'  had  the  fundamentals  of  science  and  were  able  for 
the  most  part  at  least  to  distinguish  between  the  real  and  the  false.  In  short,  our 
German  professors  at  that  time  gave  us  both  instruction  and  amusement.  We 
were  not  idiots,  blind,  or  deaf,  but  we  did  not  fully  appreciate  the  pathologic  sig- 
nificance of  that  well-nigh  universal  German  attribute  of  arrogance  and  self- 
conceit.  Even  at  that  time  it  occasionally  became  boresome  and  even  disgusting, 
but  we  did  not  fully  realize  its  malignant  capabilities.  It  has  grown  into  a  great 
tumor  and  must  be  excised  if  it  takes  the  rest  of  the  world  and  all  time  to  do  it. 
Even  the  tyro  in  science  knows  that  most  of  its  great  discoveries  are  not  of 
German  origin.  What  of  the  steam  engine,  the  compass,  the  telegraph,  the  tele- 
phone, the  aeroplane,  even  the  submarine — the  list  might  be  indefinitely  extended. 
Science  is  the  exclusive  property  of  no  nation ;  its  functions  are  normally  benefi- 
cient;  its  devotees  seek  the  welfare  of  the  race,  and  not  personal  or  national 
aggrandizement.  Did  we  have  patents  on  the  medicinal  uses  of  quinine,  the 
iodides,  the  employment  of  anesthetics  and  antiseptics?  No,  we  left  the  patent 
medicine  business  to  charlatans  in  this  country  and  German  scientists  abroad, 
and  both  fattened  on  our  good  nature  and  our  dollars. 

—V.  C.  V. 


Culture  Methods  for  the  Isolation  of  B.   Tuberculosis 

THE  isolation  and  pure  cultivation  of  the  tubercle  bacillus  has  from  the  time  of 
Koch's  earliest  discoveries  been  best  attained  after  passage  through  a  guinea 
pig.  Contamination  has  been  too  frequent  when  endeavoring  to  procure  cultures 
of  tubercle  bacilli  from  sputum  or  tissue  in  any  other  manner.  A  solution  of  this 
difficulty  was  expected  in  the  introduction  of  antif  ormin ;  but  this  method  was  soon 
discarded  by  bacteriologists.  In  recent  years  efiforts  have  been  directed  to  discover 
a  culture  medium  which  would  inhibit  the  growth  of  extraneous  organisms,  while 
permitting  the  growth  of  B.  tuberculosis.  Williams  and  Burdick^  report  the  his- 
tory of  this  effort. 

Von  Drigalski  and  Conradi-  (1902)  observed  that  crystal  violet  could  in- 
hibit the  growth  of  many  bacteria  when  added  to  the  culture  medium;  but  had 
no  efi^ect  on  the  culture  of  typhoid  or  colon  bacilli.  Churchman''  (1912)  dis- 
covered that  gentian  violet  possessed  an  unusual  merit  in  such  selection.  By 
adding  gentian  violet  (0.001%)  to  his  culture  medium,  Churchman  purified  a 
culture  of  B.  tuberculosis  that  had  become  contaminated  with  B.  subtilis.  Church- 
man states  that  B.  tuberculosis  is  "gentian-negative,"  whereas  B.  subtilis  is 
"gentian-positive,"  the  effect  of  the  gentian  being  described  as  "bacteriostatic" 
rather  than  bactericidal.  Petroff*  (1915),  working  with  this  as  a  basis,  devised 
a  medium  composed  of  meat  juice,  glycerine,  and  e^^,  to  which  was  added 
minute  amounts  of  gentian  violet,  ^^'illianls  and  Hurdick^  (1916),  among  ollu'r 
objections,  found  that  Petroff's  medium  did  not  contain  enough  moisture  to 
])revent  rajiid  dr\ing.     They,  therefore,  devised  a  new  culture  medium   for  the 
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tubercle  bacillus.  Williams  and  Burdick  approved  the  use  of  sodium  (hydrox- 
ide) and  gentian  violet  as  suggested  by  Petroff;  but  employed,  as  the  substance 
of  their  medium,  egg  white,  egg  yolk,  glycerine,  meat  infusion  and  agar,  a  medium 
on  which  Besredka  had  advised  the  growing  of  the  bacillus  for  the  production 
of  an  antigen  suitable  for  complement-fixation  tuberculosis  tests.  Some  workers 
have,  we  understand,  found  that  the  medium  of  Williams  and  Burdick  also  has 
too  rapid  a  tendency  to  dry  out. 

A.  S.  Griffith,*^  who  had  so  vast  an  experience  in  the  investigations  of  the 
British  Royal  Commission  on  Tuberculosis,  would  seem  to  have  perfected  methods 
of  isolating  the  tubercle  bacillus  by  the  aid  of  antiformin.  Some  time  ago  Griffith 
found  that  the  presence  of  a  small  quantity  of  antiformin  in  the  fluid  used  for 
sowing  cultures  did  not  interfere  with  the  growth  of  the  tubercle  bacillus.  He, 
therefore,  merely  sowed  successive  cultures  from  a  mixture  of  sputum  and  anti- 
formin after  varying  intervals.  Griffith'  concludes  from  his  most  recent  work 
W'ith  animal  tissues,  as  well  as  with  sputum,  "that  it  is  more  advantageous, 
especially  when  dealing  with  tenacious  sputum,  to  use  high  percentage  of  anti- 
formin with  short   exposure,   than  low   percentage   with  long   exposure." 

Griffith  (quoted  by  Cobbett*)  now  makes  a  15  per  cent  addition  of  anti- 
formin to  sputum.  "The  first  sowing  should  be  made  one  or  two  minutes  after 
mixture,  according  to  the  consistency  of  the  sputum,  and  three  tubes  at  least 
ought  to  be  sown  within  the  first  five  minutes.  Thereafter  the  intervals  may 
be  longer — about  five  minutes,  especially  if  the  sputum  remains  undissolved  and 
mucinous.  There  is  no  need  to  sow  tubes  after  twenty  minutes  or  after  the 
sputum  has  completely  dissolved." 
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ON  THE  LIBERATION  OF  EPINEPHRIN  FROM  THE  ADRENAL 

GLANDS* 


With  Discussion  of  Some  of  the  Methods  Employed  in  Its  Investigation 


By  J.  M.  RoGOFF,  M.D.,  QlEveeand,  Ohio 


THE  organs  which  furnish  internal  secretions  are  attracting  the  interest  of 
many  physiologists,  and  among  this  group  of  important  glands  the  suprarenal 
bodies  have  been  the  subject  of  considerable  investigation,  which  has  resulted 
in  the  accumulation  of  voluminous  literature.  From  time  to  time  various  at- 
tractive theories  have  been  formulated,  some  based  upon  experimental  evidence 
and  others  being  chiefly  speculative,  in  attempts  to  solve  the  problems  concern- 
ing the  functions  of  these  glands.  The  principal  result  achieved  through  these 
theories  is  the  stimulation  of  the  interest  of  numerous  investigators,  resulting  in 
the  accumulation  of  data  tending  to  support  one  or  another  of  the  theories,  or, 
on  the  other  hand,  establishing  evidence  which  contradicts  the  fundamental  prin- 
ciples upon  which  they  are  based.  Some  of  the  prominent  theories  that  ha\e 
been  proposed  are  as  follows:  that  the  adrenal  glands  neutralize  toxins  circulat- 
ing in  the  blood;  that  the  internal  secretion  of  the  glands  maintains  the  normal 
vascular  tone;  that  the  glands  are  interrelated  with  other  ductless  glands,  directly 
and  indirectly  influencing  metabolism ;  that  the  adrenals  have  an  emergency 
function,  liberating  outbursts  of  epinephrin  in  times  of  special  stress  in  response 
to  emotions  such  as  fear,  anger,  rage,  etc.,  resulting  in  the  niobiHzation  of  the 
defensive  forces  through  the  influence  of  the  liberated  epinephrin  in  the  i)lood 
and  its  action  on  the  sympathetic  nervous  system.  However,  careful  considera- 
tion of  the  literature  leads  only  to  the  conchision  that  we  are  still  far  from  ihe 
solution  of  the  i)roblem  concerning  the   function  of  the  adrenals. 

*I'roin    the    II.     K.    Cushiiin     l.ahor.ituiv    nf     i;\|ic,TiMu-iit.il     Mciliriiu-,     \\\->Umii     Reserve    University, 
Cleveland,  Ohio. 
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Out  of  the  mass  of  experimental  work  on  record,  there  are  but  few  facts 
that  can  be  accepted  as  having  been  definitely  established,  and  these  facts  at 
present  lend  little,  or  no  support,  to  any  of  the  existing  views  of  the  functions 
of  these  glands.  AMth  the  rapid  advance  being  made  in  the  development  of 
physiologic  and  biochemical  methods  of  investigation  it  may  be  hoped  that  sub- 
stantial information  will  be  obtained  in  due  time. 

Our  knowledge  of  the  function  of  the  adrenal  glands  begins  with  the  obser- 
vations made  by  Addison'^  in  1855,  that  in  the  disease,  which  now  bears  his 
name,  the  adrenal  glands  are  the  principal  seat  of  pathologic  changes.  This  was 
followed  by  experimental  investigations  made  by  Brown-Sequard-  in  1856,  who 
found  that  these  glands  are  of  vital  importance,  their  complete  removal  in  ani- 
mals resulting  in  death.  The  nature  of  the  material  manufactured  by  the  ad- 
renals was  investigated  by  Oliver  and  Schafer^  in  1894,  and  by  Szymonowicz* 
in  1895,  by  injecting  into  the  circulation  of  animals,  extracts  of  suprarenal  glands. 
They  observed  that  this  caused  a  marked  increase  in  the  blood  pressure.  Later 
investigations  concerning  the  adrenals  were  greatly  facilitated  by  the  isolation 
of  an  active  constituent  of  the  glands,  which  possesses  the  same  blood  pressure 
raising  quality  as  extracts  of  the  gland.  In  1897  AbeP  obtained  an  active  prod- 
uct from  the  adrenals  (epinephrin),  and  in  1901  Aldrich®  and  Takamine,'^  inde- 
pendently, isolated  an  active  product  (adrenalin).  This  active  principle  was 
prepared  synthetically  by  von  Fiirth^  in  1898  (suprarenin),  and  by  Dakin''  in 
1905. 

The  observations  of  Lewandowsky^"  and  of  Langley^^  indicated  that  the 
active  prodvict  of  the  adrenals  produced  the  same  effect  upon  certain  structures 
which  receive  nerve  supply  from  the  sympathetic  system,  as  is  caused  by  electric 
excitation  of  their  sympathetic  innervation.  An  extensive  study  of  the  actions 
of  adrenalin  on  various  structures  or  organs  was  made  by  Elliott^-  and  he  showed 
clearly  the  sympathomimetic  action  of  this  substance.  This  action  of  adrenalin 
led  to  the  use  of  certain  structures,  which  are  innervated  through  the  sympathetic 
system,  as  biologic  test  objects  whereby  the  active  product  of  the  adrenal  glands 
can  be  detected  and  estimated. 

A  very  delicate  means  of  detecting  epinephrin  in  blood  is  afforded  by  the 
use  of  segments  of  rabbit's  intestine  and  uterus.  Cannon  and  de  la  Paz^^  em- 
ployed for  this  purpose  strips  of  longitudinal  muscle  of  cat's  intestine.  Stewart^* 
and  Hoskins^''  utilized  segments  of  rabbit's  intestine  and  Stewart  showed  that 
it  is  advantageous  to  use,  as  an  additional  test,  segments  of  the  rabbit's  uterus. 
The  intestine  segment,  contracting  rhythmically  in  ordinaiy  (venous  or  arterial) 
blood,  when  brought  in  contact  with  epinephrin-containing  blood  responds  by 
inhibition  of  the  tone  and  contractions  of  the  segment,  while  the  uterus  segment 
indicates  the  presence  of  epinephrin  by  the  opposite  effect;  i.e.,  by  an  increase 
in  tone.  The  importance  of  corroborating  a  reaction  produced  by  a  specimen 
of  blood  upon  the  intestine  with  that  shown  by  the  uterus,  or  some  other  object 
which  reacts  in  a  different  manner  than  the  intestine,  is  evident,  since  a  num- 
ber of  substances  other  than  epinephrin  are  capable  of  causing  inhibition  of  the 
intestine.  In  fact,  minute  changes  in  the  concentration  of  the  salts  in  the  fluid 
which  surrounds  the  segment  or  alteration  of  the  oxygen  supply  may  cause  in- 
hibition.   When  the  inhibition  of  the  segment  is  due  to  epinephrin,  it  can  be  con- 
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firmed  by  the  increase  in  tone  produced  wlien  the  same  specimen  of  blood  is 
apphed  to  the  uterus. 

Since  the  proper  interpretation  of  resuhs  obtained  with  the  intestine  and 
uterus  segments  depends  greatly  upon  the  manner  in  which  the  test  is  applied, 
it  is  not  out  of  place  to  describe  briefly  the  method  of  testing  blood  upon  these 
objects.  The  apparatus  in  which  the  blood  is  tested  consists  of  a  cylinder,  in 
the  bottom  of  which  is  a  hook  for  the  attachment  of  the  segment.  A  capillary 
tube  enters  the  side  of  the  cylinder  near  the  bottom.  Through  this  a  constant 
supply  of  oxygen  is  kept  bubbling  through  the  liquid  which  surrounds  the  test- 
object;  the  cylinder  is  kept  in  a  water-bath  at  a  constant  temperature  of  about 
38°  C.  The  segment  is  attached  at  one  end  to  the  hook  iii  the  cylinder  and  at 
the  other  end,  by  a  thread,  to  a  lever  which  records  the  contractions.  The  fluid 
which  surrounds  the  segment  is  introduced  with  the  aid  of  a  narrow  pipette, 
properly  bent  and  its  end  drawn  out  so  that  it  can  enter  between  the  segment 
and  the  wall  of  the  cylinder,  thus  permitting  the  fluid  to  be  introduced  at  the 
bottom  of  the  cylinder,  so  that,  as  it  enters,  it  can  displace  the  fluid  in  which  the 
segment  is  beating.  When  the  test  for  epinephrin  is  applied,  the  segment,  con- 
tracting rhythmically  in  Ringer's  fluid,  is  surrounded  by  ordinary  (usually  venous) 
blood  which  displaces  Ringer's  solution  as  it  enters  the  cylinder.  The  blood  to 
be  tested  is  then  introduced  through  the  pipette  at  the  bottom  of  the  cylinder 
and  as  it  enters  it  displaces  the  indift'erent  blood  and  the  presence  of  epinephrin 
is  indicated  by  an  inhibition  of  the  tone  and  contractions  of  the  intestine  seg- 
ment. A  doubtful  reaction  can  always  be  rendered  more  certain  by  applying  the 
test  to  a  segment  of  the  rabbit's  uterus.  When  very  small  quantities  of  epinephrin 
are  present  in  a  specimen  of  blood,  the  test  is  facilitated  by  employing  the  serum, 
in  which  the  concentration  of  epinephrin  is  greater,  instead  of  the  whole  blood, 
for  it  has  been  shown  that  in  a  blood  which  contains  epinephrin,  the  serum  con- 
tains the  total  amount  present  in  the  blood. ^^  Some  investigators  remove  one 
fluid  from  the  cylinder  before  introducing  another.  This  may  be  a  source  of 
error,  as  exposure  of  the  segment  to  the  air  may  alter  its  sensitiveness  in  suc- 
ceeding tests.  Also,  on  removal  of  one  liquid,  and  then  replacing  another  (or 
this  same  liquid),  the  segment  wdll  sink,  then  be  floated  up  with  the  emptying 
and  refilling  of  the  cylinder,  respectively.  This  will  cause  the  writing  lever  to 
record  a  rise  when  the  segment  sinks,  and  then  a  fall  as  the  segment  is  floated 
up,  which  may  easily  be  incorrectly  interpreted  as  an  inhibition.  Displacing  one 
fluid  in  the  cylinder  with  another  by  introducing  through  the  pipette  with  its 
orifice  at  the  bottom  of  the  cylinder  avoids  these  ]^ossiblc  sources  of  error.  The 
possibility  of  incomplete  displacement  by  admixture  of  the  fluids  is  minimized 
or  completely  avoided  by  Introducing  more  displacing  fluid  than  is  necessary  to 
just  fill  the  cylinder.  Quantitative  experiments  made  in  the  course  of  our  work 
with  this  method  have  shown  that  a  given  specimen  of  blood  yields  constant 
results  when  applied  in  successive  observations  to  the  same  segment.  A  large 
number  of  observations  can  usually  be  made  on  one  segment,  but  it  is  important 
to  be  certain,  when  comparing  the  effects  ])r()(luced  by  various  specimens  of 
blood,  that  the  condition  of  the  segment  has  not  altered.  A  reaction  obtained 
by  one  specimen  early  in  the  series  of  observations  can  not  be  compared  with 
one  obtained  by  a  different  specimen  later  on,  unless  it  can  be  shown  by  repeated 
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applications  of  different  specimens  of  blood  that  the  sensitiveness  of  the  test 
object  is  the  same. 

Since  extracts  of  the  adrenal  glands,  when  introduced  into  the  circulation, 
are  capable  of  influencing  the  blood  pressure,  it  is  desirable  to  know  whether  a 
substance  possessing  this  activity  is  given  off  by  the  glands  to  the  blood  which 
passes  through  it.  To  determine  this  two  means  are  available :  ( 1 )  the  with- 
drawal of  blood  through  a  cannula  from  the  adrenal  veins,  and  testing  it  on  the 
biologic  test  objects,  or  observing  its  effect  when  injected  into  the  circulation 
of  another  animal;  (2)  observations  in  which  the  liberation  of  epinephrin  is 
deduced  from  changes  in  the  blood  pressure  or  other  reactions  in  one  and  the 
same  animal,  without  withdrawing  the  adrenal  vein  blood. 

Evidence  of  liberation  of  epinephrin  from  the  adrenals  was  first  obtained 
by  stimulation  of  the  splanchnic  nerves.  Dreyer^"  and  Tscheboksaroff^^  found 
that  blood  collected  from  the  adrenal  veins  of  dogs  during  stimulation  of  the 
splanchnic  nerves  produces  a  distinct  rise  in  blood  pressure  when,  after  de- 
fibrination, it  is  injected  into  the  circulation  of  another  dog. 

Employing  rabbits'  intestine  and  uterus  segments,  it  was  shown  by  Stewart^^ 
that  blood  collected  from  the  adrenal  veins  during  splanchnic  stimulation  or 
during  massage  of  the  gland,  indicated  the  presence  of  epinephrin. 

A\'ithdrawal  of  blood,  and  its  defibrination  subject  it  to  possible  alteration; 
therefore,  it  is  desirable  to  correlate  the  observations  already  mentioned  with 
results  of  experiments  made  on  one  and  the  same  animal  without  withdrawing 
the  adrenal  vein  blood.  Meltzer-°  has  shown  that  when  the  superior  cervical 
ganglion  has  been  excised  in  a  cat,  the  pupil  on  the  deganglionated  side  (which 
becomes  constricted)  within  a  few  days  becomes  especially  sensitive  to  adrenalin, 
dilating  widely  when  adrenalin  is  introduced  into  the  circulation,  while  the  nor- 
mal eye  remains  unchanged.  By  means  of  this  reaction,  Joseph  and  Meltzer-^ 
found  that  stimulation  of  the  peripheral  end  of  the  splanchnic  nerve  in  an  animal 
so  prepared  caused  dilatation  of  the  deganglionated  pupil.  They  explained  this 
on  the  hypothesis  of  the  liberation  of  epinephrin  from  the  adrenals  into  the 
circulation.  Stimulation  of  the  splanchnic  in  the  animal  in  which  the  reaction 
is  to  be  elicited  renders  it  necessary  to  exclude  the  possibility  that  the  reaction 
is  a  nervous  phenomenon  due  directly  to  the  stimulation  of  the  nerves.  Asher-- 
attempted  to  determine  this  point  by  excising  the  abdominal  viscera,  leaving  the 
adrenals  intact,  then  stimulating  the  splanchnic  nerve  with  the  adrenal  veins 
alternately  clamped  and  open.  He  studied  the  effects  upon  the  blood  pressure 
and  observed  that  a  rise  was  obtained  when  the  adrenal  veins  were  open,  but 
when  they  were  clamped  no  rise  in  blood  pressure  was  caused  by  splanchnic 
stimulation.  Employing  Meltzer's  reaction,  previously  described,  Elliott-^  con- 
firmed Meltzer's  observation  and  also  found  that  in  cats  this  reaction  is  elicited 
by  splanchnic  stimulation  when  the  adrenals  are  intact  but  could  not  be  obtained 
after  excision  of  the  glands.  He  further  observed  that  when  one  adrenal  is  ex- 
cised, stimulation  of  the  splanchnic  on  that  side  is  without  eff'ect,  while  stimula- 
tion of  the  nerve  on  the  side  in  which  the  adrenal  is  intact  causes  the  characteristic 
effect  upon  the  pupil. 

Further  evidence  that  this  reaction  is  obtained  through  the  liberation  of 
epinephrin  into  the  blood  coming  from  the  adrenal  glands  when  the  splanchnic 
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nerves  are  stimulated  or'  the  glands  massaged  has  been  found  in  a  number  of 
ways  by  Stewart,  Rogoff  and  Gibson.-*  It  was  shown  that  when  blood  from 
the  adrenals  is  prevented  from  reaching  the  eyeball,  as  by  clamping  the  adrenal 
veins  or  the  vena  cava  (above  the  orifices  of  the  adrenal  veins)  during  splanchnic 
stimulation  or  massage,  no  reaction  is  evoked ;  but  when  the  clamp  is  released, 
the  reaction  occurs  after  a  time  interval  corresponding  to  the  circulation  time 
necessary  for  blood  to  travel  from  the  adrenal  to  the  eyeball.  The  time  re- 
quired for  this  reaction  to  occur  can  be  varied  by  variations  in  the  rate  of  the 
circulation;  i.e.,  slowing  the  circulation  by  vagus  stimulation  or  by  hemorrhage 
causes  an  increase  in  the  time  necessary  for  the  reaction  to  occur,  the  diliference 
corresponding  to  the  difiference  in  the  rate  of  the  circulation.  The  reaction 
evoked  by  massage  or  splanchnic  stimulation  under  all  of  the  conditions  men- 
tioned can  be  imitated  by  injecting  the  proper  amount  of  adrenalin  into  the  cir- 
culation at  the  level  of  the  adrenals,  the  time  necessary  before  the  reaction 
occurs  corresponding  with  the  circulation  time  as  modified  by  the  conditions 
interposed.  The  latent  period  for  the  secretion  of  epinephrin  is  apparently  very 
short,  since  the  time  interval  necessary  to  obtain  a  given  reaction  is  the  same 
with  splanchnic  stimulation  as  when  a  corresponding  amount  of  adrenalin  is 
injected  into  the  circulation  at  the  level  of  the  adrenals. 

The  evidence  of  liberation  of  epinephrin  into  the  circulation  from  the  ad- 
renal glands  in  response  to  artificial  stimulation  of  their  splanchnic  innervation 
is  conclusive,  and  the  next  question  to  consider  is  whether  it  is  possible  to 
demonstrate  liberation  of  epinephrin  from  the  glands  in  the  absence  of  artificial 
stimulation  of  their  nerves,  or  what  may  be  termed  a  "spontaneous  liberation." 

It  was  found  by  Tscheboksaroff^^  that  adrenal  vein  blood  collected  in  the 
absence  of  splanchnic  stimulation  caused  a  smaller  rise  in  blood  pressure,  when 
intravenously  injected  into  another  dog,  than  blood  collected  during  stimulation 
of  the  nerves,  and  that  after  section  of  the  splanchnic  nerv^es  the  result  indicated 
a  distinct  diminution  in  the  adrenalin  secretion.  O'Connor-^  compared  on  the 
frog  perfusion  preparation  (Laewen),  the  constrictor  effects  of  rabbit's  adrenal 
blood  collected  before  and  after  section  of  the  splanchnics,  and  observed  a 
greater  vasoconstrictor  effect  to  be  produced  by  the  blood  obtained  before  the 
nerve  section.  He  also  showed  that  shed  blood  develops  vasoconstrictor  sub- 
stances. Trendelenburg-*^  further  observed  that  these  substances  are  developed 
in  citrate  plasma  so  rapidly  (a  fraction  of  a  minute)  that  the  perfusion  test  for 
epinephrin  when  present  in  small  quantities  can  not  be  entirely  reliable. 

It  is  desirable,  therefore,  to  employ  a  method  which  eliminates  the  obvious 
difficulties  entailed  in  using  shed  blood  and  vasoconstrictor  reactions  for  the 
tests.  A  convenient  method  was  employed  by  us,-^  working  with  cats  and  dogs. 
The  blood  coming  from  the  adrenal  veins  was  collected  in  a  pocket  of  the  vena 
cava  and  then  released  into  the  circulation,  and  simultaneous  observations  made 
upon  the  effects  produced  on  the  blood  pressure  of  the  animal  and  the  eye  re- 
actions of  Meltzer.  The  cava  pocket  is  made  by  tying  oft'  the  lumbar  and 
renal  veins,  and  all  small  branches  which  enter  the  cava  from  the  liver  to  the 
bifurcation  of  the  iliacs;  thus  a  clamp  adjusted  just  below  the  liver  and  one 
just  above  the  iliacs  completes  a  blind  pouch  into  which  only  the  adrenal  veins 
arc  eni])tie(l.     lllood  collected  in  such  a  ])ookel  is  released  by  rcmoxing  the  upper 
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clamp  and  the  reactions  obtained  represent  those  of  unahered  adrenal  vein 
blood.  By  timing  the  filling  of  the  pocket  and  also  determining  the  capacity  of 
the  pocket,  it  is  possible  with  this  method  to  determine  the  rate  of  blood  flow 
through  the  adrenals,  and  by  imitating  the  reaction  obtained  when  the  pocket 
is  released  by  the  injection  of  proper  amounts  of  adrenalin  intravenously,  it  is 
also  possible  to  estimate  the  rate  of  liberation  of  epinephrin  from  the  adrenals. 
It  has  been  shown  by  this  method,  with  the  blood  pressure  and  eye  reactions, 
that  in  the  absence  of  splanchnic  stimulation;  i.e.,  spontaneously,  a  liberation 
of  epinephrin  takes  place,  varying  within  narrow  limits  from  0.0008  to  0.0028 
mg.  per  minute  in  the  cat  (or  from  0.0003  to  0.001  mg.  per  kilogram  of  animal). 
After  section  of  both  sympathetics  in  the  thorax  near  the  diaphragm,  including 
both  splanchnics,  the  spontaneous  liberation  was  no  longer  detected  by  these 
reactions,  but  section  of  the  splanchnics  alone  in  the  abdomen  did  not  always 
entirely  abolish   the  liberation'  of   epinephrin.* 

Electrical  stimulation  of  the  peripheral  end  of  the  cut  nerves  during  collec- 
tion of  blood  in  the  pocket  again  elicited  the  reactions  previously  obtained.  The 
same  result  was  obtained  when  the  poeket  blood  was  tested  upon  rabbit's  intes- 
tine and  uterus  segments.-^  As  the  adrenal  vein  blood,  when  the  segment  test 
is  applied,  is  not  diluted  with  the  general  blood,  as  is  the  case  with  the  test  de- 
scribed, these  test  objects  are  capable  of  detecting  smaller  amounts  of  epinephrin 
in  the  pocket  blood  than  could  be  detected  by  the  blood  pressure  or  eye  reactions. 
The  question  may  be  raised  whether  this  is  a  normal  liberation,  or  is  due  to  the 
experimental  conditions  (trauma,  anesthesia,  etc.).  Although  some  authors  seem 
to  assume  that  trauma  and  other  experimental  conditions  will  necessarily  increase 
the  spontaneous  liberation,  no  experimental  proof  of  this  has  ever  been  given. 
The  fact  that  the  output,  as  experimentally  determined,  varies  within  rather  nar- 
row limits  in  different  cats,  notwithstanding  differences  in  the  degree  of  trauma 
and  the  nature  and  depth  of  anesthesia,  is  much  in  favor  of  the  view  that  the 
liberation  is  a  normal  phenomenon.  We  have  shown  that  the  anesthetic  has 
nothing  to  do  with  it;  for  (a)  the  output  of  epinephrin  is  within  the  ordinary 
limits  when  anesthesia  is  produced  without  the  use  of  a  chemical  anesthetic,  as 
by  a  pressure  bag  inserted  intracranially ;  (b)  in  animals  whose  spinal  cord  has 
been  severed,  in  the  cervical  region,  some  days  before  the  experiment  and  in 
which,  accordingly,  no  anesthetic  was  necessary  for  testing  the  adrenal  vein 
blood,  the  output  was  also  within  the  usual  limits. 

It  has  been  established  beyond  doubt  that  the  adrenal  glands  continuously 
secrete  a  certain  normal  amount  of  epinephrin,  and  that  electric  excitation  of 
their  nerves  causes  liberation  of  epinephrin  to  take  place.  This  leads  to  the  ques- 
tion whether  certain  physiologic  processes  are  capable  of  influencing  the  quan- 
tity of  epinephrin  liberated  from  these  glands. 

It  has  been  stated  by  some  writers  that  the  adrenal  glands  are  stimulated 
to  increased  secretion  of  epinephrin  by  such  influences  as  asphyxia,  stimulation 
of  sensory  nerves,^®  emotional  disturbances^^  and  by  the  introduction  into  the 

*It  is  known  that  all  of  the  secretory  fibers  to  the  adrenals  do  not  come  from  the  splanchnic  nerves, 
some  of  them  being  given  off  from  the  sympathetic  lower  than  the  origin  of  the  splanchnics.  If  there  is  | 
still  a  detectable  liberation  of  epinephrin,  after  section  of  nerves  to  the  adrenals,  some  of  the  nerves 
going  to  the  glands  must  have  escaped  section.  In  the  entire  absence  of  innervation,  the  adrenals  do  not 
liberate  epinephrin,  and  do  not  seem  to  regain  this  power,  while  the  formation  is  apparentlv  not  interfered 
with  after  section  of  the  nerves.  It  must  be  assumed  that  after  the  store,  in  the  glands,  has  been 
replenished,  the  formation  stops. 
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circulation  of  certain  gland  extracts.'"  The  experimental  evidence  offered  as 
proof  of  such  an  effect  upon  the  adrenal  glands  is  not  substantial,  as  it  is  based 
upon  investigations  made  with  methods  which  can  not  yield  reliable  results. 

For  these  investigations,  blood  was  collected,  with  the  aid  of  an  aspirator, 
from  the  inferior  vena  cava  at  the  level  of  the  adrenals,  by  inserting  a  flexible 
catheter  through  an  incision  in  the  femoral  vein  (in  cats)  so  that  the  opening 
in  the  end  of  the  catheter  was  just  anterior  to  the  orifices  of  the  adrenal  veins. 
Specimens  of  blood  were  obtained  through  the  catheter  before  and  after  caus- 
ing asphyxia,  etc.,  and  were  tested  for  epinephrin  on  intestine  strips  or  segments. 
Inhibition  of  the  test  object  caused  by  applying  the  specimen  of  blood  collected 
after  the  experimental  condition  was  induced  was  interpreted  as  indicating  an 
increase  in  the  amount  of  epinephrin  liberated  from  the  adrenals.  It  must  be 
pointed  out  that  only  the  intestine  was  used  as  a  test  object  and,  as  previously 
stated,  this  test  can  be  considered  reliable  only  when  it  is  possible  to  confirm 
the  reaction  by  some  other  test  object.  Indeed,  Cannon  and  Hoskins^^  state 
that  ordinary  venous  blood  collected  from  an  animal  during  asphyxia  causes 
inhibition  of  the  intestine  segment,  although  they  show  that  this  is  not  due  to 
epinephrin.  This  fact  has  been  repeatedly  observed  in  the  course  of  our  work 
in  this  laboratory,  and  with  the  aid  of  the  uterus  segment  we  have  always  been 
able  to  eliminate  the  possibility  of  such  a  reaction  being  due  to  epinephrin,  as  it 
also  caused  inhibition  of  the  tone  of  the  uterus,  while  epinephrin  has  the  op- 
posite effect  on  this  test  object. 

If  the  blood  collected  through  a  catheter  from  the  adrenal  level  causes  an 
inhibition  of  the  intestine  which  is  due  to  the  presence  of  epinephrin,  this  yields . 
no  information  on  the  rate  of  liberation  of  epinephrin  from  the  adrenals.  For 
this,  it  is  essential  to  know  the  rate  of  the  blood  flow.  A  high  concentration  of 
epinephrin  in  -the  blood  may  be  accompanied  by  a  correspondingly  slow  blood 
flow  through  the  adrenal  or  through  the  cava,  while  the  liberation  of  epinephrin 
from  the  gland  remains  constant.  It  has  been  shown^^  that  within  a  wide  range 
of  variation  of  blood  flow  through  the  adrenals  the  liberation  is  approximately 
constant,  and  that  the  concentration  of  epinephrin  in  the  adrenal  vein  blood 
varies  inversely  with  the  rate  of  blood  flow  through  the  glands. 

It  is  conceivable  that  changes  in  the  circulation  induced  during  asphyxia,  etc., 
are  capable  of  sufficiently  altering  the  rate  of  the  circulation  in  the  inferior 
cava  to  alter  the  concentration  of  epinephrin  in  the  blood  which  is  collected  from 
the  cava  near  the  adrenals,  but  this  is  not  an  indication  that  any  change  in  the 
rate  of  liberation  of  epinephrin   from  the  adrenals  has  taken  place. 

Although  we  have  recognized  that  the  catheter  method  can  not  yield  sub- 
stantial information,  we  have  made  experiments,  with  this  method,  on  the  in- 
fluence of  emotions,  asphyxia,  and  afferent  stimulation  on  the  liberation  of 
epinephrin,  and  have  been  unable  to  confirm  the  results  that  have  been  reported. 

We  have  studied  the  influence  of  asphyxia  and  sensory  stimulation  (of 
large  nerve  trunks)  upon  the  liberation  of  epinephrin  from  the  adrenals,-'  em- 
ploying the  "cava  pocket"  previously  described,  with  tin-  blood  i)ressure  and  eye 
reactions.  No  effect  upon  the  rate  of  liberation  could  be  detected  by  this  method. 
The  same  result  was  obtained  with  the  adrenal  vein  blood,  obtained  from  the 
cava  pocket  when  tested  upon  rabbit's  intestine  and  utiTus  M-gnients.^-'  ^^     These 
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observations  permitted  the  study  of  the  rate  of  blood  flow  through  the  adrenals, 
as  well  as  the  concentration  of  the  epinephrin  in  the  adrenal  vein  blood,  and  any 
increase  in  the  concentration  could  always  be  accounted  for  by  a  corresponding 
diminution  in  the  rate  of  blood  flow,  indicating  that  no  detectable  change  in  the 
rate  of  liberation  from  the  glands  had  taken  place  during  asphyxia  or  stimula- 
tion of  the  sensory  nerves. 

Cannon^^  has  reported,  in  a  preliminary  communication,  that  he  has"  devised 
a  new  method  whereby  he  believes  an  increased  activity  of  the  adrenal  is  evi- 
denced during  asphyxia  by  a  rise  in  blood  pressure  which  he  fails  to  obtain  when 
the  adrenals  are  excised.  The  recent  observations  of  Gley  and  Quinquaud,^^ 
however,  indicate  that  the  rise  in  blood  pressure  during  asphyxia  does  not  de- 
pend upon  secretion  of  epinephrin  from  the  adrenals,  for  they  find  no  diminur 
tion  in  the  rise  with  asphyxia  after  ligation  of  the  suprarenal  veins.  This  is 
against  the  idea  that  asphyxia  causes  any  sensible  increase  in  the  rate  of  libera- 
tion of  epinephrin. 

The  influence  of  certain  drugs  in  diminishing  the  content  of  epinephrin  in 
the  adrenals  has  led  Elliott-^  to  interpret  the  diminished  store  as  due  to  an 
increase  in  the  liberation  of  epinephrin  from  the  gland.  He  concludes  that  since 
morphine,  in  the  cat,  produces  effects  which  simulate  the  general  appearance 
of  fright,  the  resulting  diminution  of  epinephrin  store  in  the  adrenals  must  be 
due  to  the  increased  liberation  of  epinephrin  from  the  glands  in  consequence  of 
the  emotional  excitation  or  "morphine  fright,"  although  he  did  not  directly  study 
the  influence  of  frightening  the  animals.  The  effect  of  morphine  in  depleting 
the  store  of  epinephrin  from  the  adrenals  has  been  confirmed  by  us.^^  But  it 
has  been  shown  that  this  effect  has  nothing  to  do  with  the  emotional  state  of 
the  cat,  since  in  the  dog  and  rabbit  morphine  also  depletes  the  epinephrin  store 
from  the  gland,  although  the  physiologic  picture  of  the  animals  is  the  opposite 
of  that  in  the  cat,  the  narcotic  action  being  manifest.  It  must  be  emphasized  that 
diminution  of  the  store  of  epinephrin  in  the  gland  can  not  be  assumed  without 
proof  to  be  the  result  of  increased  liberation,  as  the  epinephrin  content  of  the 
adrenals  at  any  time  can  only  represent  the  balance  between  production  and 
liberation.  If  the  rate  of  production  is  lessened,  the  store  may  be  diminished 
without  any  change  in  the  output.  And  contrariwise,  if  the  production  is  in- 
creased, the  rate  of  liberation  may  also  be  increased  without  any  diminution  in 
the  store.  For  example,  a  considerable  amount  can  be  caused  to  be  liberated  by 
electric  excitation  of  the  splanchnics  without  noticeable  influence  on  the  store 
■of  epinephrin  in  the  gland.-*'  ^® 

There  is  at  present  no  obvious  method  by  which  the  influence  of  emotions 
upon  the  rate  of  liberation  of  epinephrin  from  the  adrenals  can  be  properly 
studied.  It  is  not  permissible  to  assume  that  the  symptoms  of  sympathetic  ex- 
citation which  are  seen  in  a  frightened  animal  must  be  due  to  the  action  of 
epinephrin  liberated  in  large  amounts  from  the  adrenal  glands,  for  the  same 
symptoms  can  be  elicited  in  animals  so  prepared  that  very  little  or  no  epinephrin 
is  being  given  off  from  tlie  adrenals.  By  excision  of  one  adrenal  and  denervation 
of  the  opposite  gland  in  the  cat  it  has  been  shown  that  the  animal  can  live 
indefinitely  in  apparently  excellent  health,  although  the  operation  has  reduced 
the  epinephrin  from  the  adrenals  to  a  very  small  fraction  of  the  normal,  and  in 
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many  cases  to  quantities  too  small  for  detection  with  extremely  sensitive  test 
objects,  indicating  practically  no  liberation  whatever.-®  In  some  of  the  cats  it 
was  found  that  the  liberation  of  epinephrin  from  the  adrenals  was  so  interfered 
with  by  this  operation  that  there  could  not  have  been  one-thousandth  of  the 
normal  liberation,  if  any  epinephrin  was  being  given  ofif  from  the  glands.  These 
animals,  nevertheless,  responded  readily  to  fright  and  other  emotional  disturb- 
ances with  the  usual  symptoms  of  sympathetic  excitation,  in  the  same  manner 
as  normal  cats.  Certainly,  an  outburst',  through  nervous  influence,  of  epinephrin 
in  such  quantities  as  would  be  necessary  to  produce  these  symptoms  would  be 
impossible  in  these  animals. 

The  conception  of  an  emergency  function  of  the  adrenal  gland  lacks  sub- 
stantial evidence.  It  involves  essentially  the  occurrence  of  svidden  outbursts  of 
epinephrin  far  above  the  normal  amounts  liberated.  It  has  not  been  shown 
that  the  liberation  of  such  amounts  of  epinephrin  can  be  induced.  Even  if  it 
could  be  proved  that  during  such  emergency  conditions  the  adrenals  responded 
with  augmented  liberation,  the  suggestion  that  this  has  a  bearing  upon  the  emer- 
gency mobilization  of  sugar  in  the  body,  as  evidenced  by  hyperglycemia'"  is  not 
tenable,  since  it  has  been  shown  that  cats  so  prepared  that  the  liberation  of 
epinephrin  from  the  adrenals  is  reduced  to  quantities  too  minute  for  detection 
are  still  capable  of  responding  to  the  usual  procedures  (asphyxia,  etherization, 
etc.)  employed  in  producing  experimental  hyperglycemia.^®  The  normal  blood 
sugar  in  these  animals  w^as  the  same  as  that  found  in  unoperated  animals.  This 
is  against  the  idea  of  the  existence  of  a  hypoglycemia  due  to  adrenal  deficiency 
(said  to  exist  after  adrenalectomy,  in  which  the  animal  is  moribund).  Further 
evidence  against  the  view  that  these  hyperglycemias  are  associated  with  an  in- 
creased liberation  of  epinephrin  from  the  adrenals,  or  that  they  are  similar  to 
the  hyperglycemia  produced  by  injection  of  adrenalin,  is  the  well-known  fact 
that  subcutaneous  injection  of  adrenalin  causes  hyperglycemia  more  readily  than 
intravenous  introduction. 

Animals,  with  practically  no  epinephrin  being  given  off  from  their  adrenals, 
as  previously  stated,  are  capable  of  responding  to  fright,  rage,  fear,  etc.,  in 
the  same  manner  as  normal  animals.  They  seem  to  be  as  capable  of  muscular 
exertion  and  as  combative  as  the  normal  animals.  The  fact  that  such  cats  live 
indefinitely  in  apparently  good  nutrient  condition  suggests  that  epinephrin  is 
probably  not  indispensable  to  life  and  health,  unless  the  retroperitoneal  and 
other  chromaffin  tissue  in  the  body,  which  has  been  shown  to  contain  epinephrin, ^^ 
can  comi)ensate  for  the  loss  of  epinephrin  secretion  from  the  adrenals.  It  has 
not  been  shown,  however,  that  such  chromaffin  tissue  liberates  e])inephrin.  It 
is  possible  that  some  other  substance,  at  present  unknown,  the  liberation  of 
which  is  under  ncrxous  influence,  nia\-  be  found  in  the  secretion  of  tlie  adrenals, 
the  lack  of  which  is  responsible  for  loss  of  life  when  the  adrenals  are  extirpated. 

A  number  of  writers  have  attem])ted  to  show  that  the  secretion  of  epinephrin 
from  the  adrenals  is  influenced  by  shock,  w^onie  of  the  conclusions  oflered  are 
based  upon  histologic  ajjpearance  of  tiie  glands,  indicating  a  Ijoss  of  chromaffin 
substance.  This  can  not  be  taken  as  evidence  (jf  an  increase  in  the  liiieration  of 
epinephrin,  for  the  same  reason  discussed  ])re\iously  in  relation  to  conclusions 
based  u|)on  a  decrease  of  epinephrin  store  in  the  glands;  nor  i^  it  likcK    that  his- 
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tologic  examination  of  the  glands  could  yield  definite  quantitative  information. 

An  investigation  in  which  adrenal  vein  blood  was  collected  before  and  after 
induction  of  shock  and  the  bloods  tested  upon  intestine  segments  was  reported 
bv  Bedford.*"  He  concludes  that  the  rate  of  liberation  of  epinephrin  from  the 
adrenals  in  dogs  is  augmented  by  shock  produced  in  several  ways.  The  trac- 
ings accompanying  the  paper  do  not  indicate  in  what  manner  the  test  objects 
were  subjected  to  the  action  of  the  bloods.  No  satisfactory  estimations  were 
made  to  determine  quantitatively  the  amount  of  epinephrin  in  the  adrenal  vein 
blood  collected  before  and  after  shock  was  induced.  On  careful  consideration 
of  the  results  reported,  the  only  definite  information  that  can  be  gathered  is 
that  if  the  inhibitions  of  the  intestine  were  due  to  epinephrin  in  the  bloods  tested, 
the  specimens  collected  after  the  induction  of  shock  had  a  higher  concentration  . 
of  epinephrin  than  the  specimen  collected  before  shock  Avas  induced.  This  in- 
creased concentration  seems  to  correspond  closely  with  a  fall  in  the  blood  pres- 
sure. As  already  pointed  out,  it  is  to  be  expected  that  in  a  condition  of  low 
blood  pressure,  when  the  rate  of  blood  flow  through  the  adrenals  is  markedly 
slowed,  there  will  be  a  relative  increase  in  the  concentration  of  epinephrin  in 
the  adrenal  blood,  although  the  rate  of  liberation  may  be  unaltered. 

In  view  of  the  fact  that  the  adrenal  glands  secrete  a  substance  so  potent 
as  epinephrin,  and  since  it  has  been  shown  that  the  liberation  of  this  secretion 
into  the  circulation  is  sustained  through  the  influence  of  nerves  which  are  in 
connection  with  a  definite  center  in  the  spinal  cord,*^  it  would  seem  not  unlikely 
that  certain  experimental  procedures,  such  as  asphyxia,  stimulation  of  sensory 
nerves,  etc.,  might  be  capable  of  influencing  the  liberation  of  epinephrin,  re- 
flexly,  through  this  center.  This  must  not  be  assumed  as  a  fact,  however,  until 
it  is  proved. 

Premature  attempts  on  the  part  of  clinical  men  to  apply  what  is  at  present 
known  of  the  physiology  of  the  adrenals,  at  least  when  risk  to  the  patient  is 
involved,  are  to  be  deprecated.  Certainly,  the  present  state  of  our  knowledge 
of  the  subject  does  not  warrant  its  clinical  application  to  the  extent  of  attempt- 
ing adrenalectomy  as  a  measure  of  relief  in  conditions  of  arterial  hypertonus 
associated  with  Bright's  disease,  on  the  assumption  that  this,  condition  is  as- 
sociated with  hyperadrenalinemia,  as  has  been  done. 
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THE  RESPONSIBILITY  OF  THE  VACCINATOR  IN  OVERCOMING  THE 
RATIONAL  OBJECTIONS  TO  SMALLPOX  VACCINATION* 
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EDWARD  JENNER  published  his  "Inquiry  into  the  Causes  and  Effects  of 
Variolse  Vaccinise"  in  1798.  Two  years  later,  smallpox  vaccine  was  brought 
to  this  country,  and  Waterhouse  of  Cambridge,  Massachusetts,  performed  the 
first  American  vaccination  on  his  son,  aged  ^ve  years.  By  1803,  the  practice 
of  vaccination  had  spread  throughout  Europe  and  a  ship  had  been  dispatched  to 
carry  "the  blessed  vaccine"  to  the  Spanish  possessions  in  the  Old  and  New 
Worlds. 

In  contrast  to  the  remarkable  support  which  the  new  discovery  received 
throughout  the  world,  we  find  an  antivaccination  propaganda  based  on  the  belief 
that  those  inoculated  Avith  cowpox  would  assume  bovine  characters  and  features. 
In  a  pamphlet  entiled  "Cowpox  Inoculation  no  Security  against  Smallpox  Infec- 
tion,"' a  Doctor  Rowley  makes  the  following  statement :  "Various  beastly  dis- 
eases common  to  cattle  have  appeared  among  the  human  species  since  the  intro- 
duction of  cowpox — cowpox  mange,  cowpox  abscess,  cowpox  ulcer,  cowpox 
gangrene,  cowpox  mortification,  and  enormous  hideous  swellings  of  the  face, 
resembling  the  countenance  of  an  ox  with  the  eyes  distorted  and  the  eyelids 
forced  out  of  their  true  situation.  Smallpox  is  a  visitation  from  God,  but  the 
cowpox  is  produced  by  presumptions  man;  the  former  was  what  Heaven  or- 
dained, the  latter  is,  perhaps,  a  daring  violation  of  our  holy  religion." 

In  an  age  when  "laudable  pus"  accompanied  almost  every  surgical  operation, 
it  is  not  remarkable  that  many  severe  infections  followed  vaccination,  especially 
if  the  large  scarifications,  so  vigorously  condemned  by  Jenner,  were  used.  The 
superstition  of  the  transmission* of  animal  characters  is  very  old  and  finds  a 
present-day  echo  in  the  statement  that  the  victim  of  rabies  "barks  like  a  dog." 
It  is  not  customary  in  this  generation  to  blame  an  oft'ended  deity  for  private  and 
public  calamity,  but  many  people,  misguided  by  popular  advertisements,  are 
pouring  libations  in  the  form  of  disinfectants  into  the  garbage  can  and  house 
plumbing,  thinking  thereby  to  purchase  immunity  from  disease.  These  are 
the  people  who  say  that  smallpox  has  decreased  because  of  better  sanitation. 

Setting  aside  the  unscientific  objections  to  vaccination,  which  have  only 
slightly  changed  their  characteristics  in  the  past  century,  let  us  consider  the 
rational  objections  to  vaccination,  which  we  find  even  among  persons  medically 
orthodox.  These  objections  are  two  in  number  and  the  responsibility  for  their 
continuance  rests  squarely  on  the  medical  profession. 

THE    USE    OF    SMALL    MULTIPLE    SCARIFICATIONS 

The  first  objection  to  vaccination  is  that  it  is  dangerous   since  it   is   often 


*From    tlie    Laboratory    of    Hygiene,    University    of    California,    Berkeley,   Cal. 
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accompanied  by  a  secondary  infection  which  results  in  a  slowly  granulating  ulcer 
and  a  disfiguring  scar.  In  a  previous  communication/  we  have  shown  that  "the 
prevention  of  secondary  infection'following  smallpox  vaccination  depends  essen- 
tially on  the  use  of  small  multiple  scarifications  which,  when  inoculated,  give 
rise  to  small  vesicles  which  are  not  easily  broken,  and  do  not  foster  anaerobic 
conditions  and  a  central  slough."  The  large  unsigiitly  vaccination  scars  so 
commonly  seen  are  due  to  the  slow  healing  of  an  ulcer  produced  by  the  inocula- 
tion of  a  large  cross-scarified  area.  The  vaccine  colony  grows  only  in  unbroken 
skin.  It  is  obvious,  therefore,  that  vaccinators  should  emply  the  smallest  scarifi- 
cation consistent  with  the  implantation  of  the  vaccine  on  the  derma.  It  is  our 
custom  to  remove  three  small  circles  of  epidermis  by  the  rotation  of  a  chisel 
having  a  2.0  mm.  cutting  edge,,  but  excellent  results  are  obtained  by  short 
scratches  made  at  least  2.0  cm.  apart  with  an  ordinar}'  sewing  needle.  Hill-  advo- 
cates placing  a  drop  of  vaccine  on  the  skin,  and  carrying  a  small  portion  through 
to  the  derma  by  acupuncture.  As  long  as  small  scarifications  are  used,  neither 
the  method  of  vaccine  preparation,  the  bacterial  content  of  the  vaccine,  or  the 
use  of  antiseptics  on  the  resulting  vesicle  will  influence  the  course  of  a  primary 
vaccinia. 

REPEATED    FAILURES    TO    SECURE    SUCCESSFUL    VACCIXATIOX    ARE    XOT 
EVIDEXCES    OF    IMMUXITY 

The  second  and  more  serious  objection  to  vaccination  is  that  it  does  not  pro- 
tect against  smallpox.  As  early  as  1804,  Jenner  was  forced  to  admit  that  small- 
pox could  occur  in  persons  who  had  previously  been  vaccinated,  though  he 
believed  that  the  failure  to  secure  immunity  was  the  result  of  improper  technic. 
The  presence  of  a  large  irregular  scar  following  vaccination  is  only  slightly  better 
evidente  of  immunity  than  its  continual  absence  after  repeated  unsuccessful 
attempts  to  vaccinate.  In  the  first  instance  the  scar  may  be  the  result  ot  an 
infective  process  which  has  destroyed  the  vaccine  organism  before  immunity 
has  been  produced,  and  in  the  second  instance  the  failure  to  produce  a  vaccinia 
may  be  due  to  the  lack  of  potency  in  the  vaccine  employed. 

The  practice  of  issuing  vaccination  certificates  based  on  a  "gtiess"  that  the 
subject  is  immune  because,  one,  two,  or  three  vaccinations  fail  to  take  is  almost 
as  potent  for  evil  as  improper  vaccination  technic.  Every  year  we  produce 
primary  vaccinias  in  persons  with  a  history  of  from  one  to  four  or  more  failures 
previous  to  entering  the  university  (Table  I).  Every  year  we  produce  primary 
vaccinias  in  persons  with  a  history  of  having  recently  swallowed  "variolin" 
pills.  Experiences  of  this  sort  have  bred  within  us  an  intense  skei)ticism  ccin- 
cerning  vaccination  certificates  unaccompanied  by  vaccination  scars.  W'c  do 
not  question  the  motives  behind  the  issue  of  these  certificates  to  the  scarless,  but 
our  experience  shows  that  persons  with  and  without  vaccination  scars  are  con- 
stantly being  declared  imnunu'  wIutc  no  ininiunity  exists.  As  shown  in  'Pablo 
IT,  only  51  (38  per  cent)  of  13o  persons  whose  vaccination  scars  were  more 
tlian  twenty  years  old  gave  evidence  of  immunity  on  revaccination.  while  4(> 
(14  per  cent)  of  318  persons  whose  vaccination  scars  were  less  than  ten  years 
old   gave    unmodified    vaccinias.      If    tlu-se    i)eoi)le   get    smail]»ox.    there    is    more 
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fodder  for  the  nourishment  of  the  antivaccination  propaganda.  Who  is  to  blame 
for  this  condition  if  not  the  man  who  "guesses"  that  his  patient  is  immune? 
Among  our  previously  unvaccinated  intrants  with  no  history  of  smallpox,  we 
have  100  per  cent  of  vesicle  formation  on  vaccination.  We  have  yet  to  see 
our  first  natural  immune.  We  do  not  believe  that  he  exists.  Repeated  vaccina- 
tion with  an  inert  vaccine- will  occasionally  render  the  subject  immune  to  potent 
vaccine.  These  persons  present  no  vaccination  scar,  but  show  a  well-marked 
reaction  of  immunity  on  revaccination.  On  the  other  hand,  a  failure  will  be 
characterized  by  the  absence  of  any  reaction  at  the  vaccination  site  other  than 
that  due  to  scarification  trauma.  True  failures  furnish  valuable  checks  on 
vaccine  potency. 

Inquiry  at  the  laboratory,  following  23  failures  with  a  certain  vaccine  dis- 
closed the  fact  that  the  air  used  in  driving  the  ether  out  of  this  vaccine  had  been 
accidentally  saturated  with  a  chemical  fatal  to  the  vaccinia  organism.  Brooks^ 
reports  failure  of  vaccine  to  act  in  two  hundred  persons  in  Oxford,  New  York, 
during  a  smallpox  outbreak  in  1915.  This  failure  was  traced  to  contact  with 
steam  pipes  during  the  transit  of  the  vaccine. 

In  order  to  test  the  efifect  of  age,  method  of  preparation,  and  method  of 
storage  on  the  potency  of  vaccine,  we  conducted  a  number  of  vaccinations  with 
vaccines  of  various  ages  prepared  by  various  methods. 

In  a  series  of  vaccinations  made  with  vaccines  ground  in  glycerine  and 
stored  in  the  ice  box  for  varying  periods  before  use,  there  were  eight  reactions 
and  no  failures  at  the  end  of  six  months  storage ;  eight  reactions  and  one 
failure  at  the  end  of  five  'months ;  eighteen  reactions  and  one  failure  at  the 
end  of  four  months ;  twenty- four  reactions  and  one  failure  at  the  end  of  three 
and  one-half  months ;  one  hundred  seventy-eight  reactions  and  one  failure  when 
the  vaccine  had  been  stored  for  five  weeks ;  and  thirty-three  reactions  A^'ith  no 
failures  when  the  vaccine  had  been  stored  two  weeks  before  use. 

In  a  similar  series  made  with  a  glycerinated  vaccine  which  had  in  addition 
been  subjected  to  the  action  of  ether  to  reduce  the  number  of  contaminating 
organisms  before  storage  in  the  ice  box,  there  were  eight  reactions  and  one 
failure  with  vaccine  six  months  in  storage;  two  reactions  and  four  failures 
with  vaccine  held  five  months ;  nineteen  reactions  and  no  failures  with  vaccine 
held  four  months;  and  fourteen  reactions  with  no  failures  with  vaccine  held 
three  and  one-half  months.  The  percentage  of  failures  in  this  series  is  only 
slightly  higher  than  with  the  corresponding  glycerinated  vaccines  which  had  not 
been  etherized. 

In  a  series  of  230  vaccinations  made  with  a  vaccine  which  had  been  ether- 
ized but  showed  a  high  bacterial  count  there  were  no 'failures;  but  equally 
good  results  were  obtained  in  168  vaccinations  with  a  vaccine  which  had  been 
etherized  until  practically  sterile. 

In  thirty-eight  vaccinations  with  a  vaccine  which  had  been  incubated  for 
twenty-four  hours  after  grinding  in  glycerine  and  then  stored  in  the  ice  box  until 
practically  sterile,  there  were  no  failures. 

A  series  of  sterile  vaccines  prepared  according  to  the  method  of  Noguchi,* 
by  passage  through  rabbit  testicles,  resulted  in  five  reactions  and  four  failures 
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on  second  passage  of  the  strain  originally  received  from  the  Rockefeller  Insti- 
tute; ten  reactions  and  eleven  failures  on  the  fifteenth  passage;  and  seven  reac- 
tions and  fifty-six  failures  on  the  twenty-ninth  passage  through,  rabbit  testicles. 
This  shows  a  steady  deterioration  which  Greely^  believes  to  be  due  to  the  absence 
of  certain  spore-like  forms  of  the  organism  which  are  present  in  vaccine  cul- 
tivated on  the  skin. 

The  results  of  these  vaccinations  show  that  the  greatest  factor  in  vaccine 
potency  is  the  maintenance  of  ice  box  temperature  during  the  entire  period  be- 
tween manufacture  and  use.  Etherizing  and  preliminary  incubating  do  not 
appear  to  afl:'ect  the  potency  provided  the  vaccine  is  properly  iced.  On  the 
other  hand,  failure  to  secure  constant  ice  box  conditions  will  result  in  the  use 
of  large  amounts  of  inert  virus  even  if  the  expiration  date  is  not  exceeded.    With 
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DAYS  AFTtK  VACClNAvTION 


no  check  on  the  potency  of  the  vaccine,  it  is  obviously  absurd  to  issue  a  certifi- 
cate that  the  vaccinator  has  used  due  diligence  and  can  not  produce  a  successful 
vaccination.* 

COMPARISON    OE    THE    THREE    TYPES    OF    SUCCESSFUE    VACCINATION" 

Depending  on  the  response  of  the  subject  to  the  invading  vaccine  antigen, 
we  are  able  to  distinguish  three  forms  of  successful  vaccination.  When  antibodies 
are  present  in  the  tissues,  the  invading  organisms  are  at  once  destroyed.  This 
reaction  of  immunity  is  characterized  by  an  areola  which  ajtpears  within  twenty- 
four  hours  after  the  vaccination  and  fades  out  without  developing  into  a  vesicle. 


•Since  the  al)Ovc  was  subiiiitUil  fur  imblitatinii,  1  have  olis<rvfi.l  two  true  failures  in  previously 
unvaccinated  persons,  with  a  vaccine  tlirec  months  ohi,  ol)taineil  from  an  estahlishment  whose  product  we 
have  found  to  jjive  uniformly  good  results  when  six  months  old.  In  the  first  instance  the  vaccine  reached 
our  icehox  via  an  Army  Supply  I)e|)ot,  and  in  the  second  it  was  transferred  from  the  manufacturer's  icchox 
•lirectly  to  ours.  This  emphasizes  the  need  for  icebox  or  vacuum  hnttln  coudilioiis  a\  nil  tioici  from  estab- 
lishment to  arm. — J.  N.  V. 
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Inert  vaccine  may  produce  the  reaction  of  immunity  in  an  imnivme  subject, 
or  even  a  slight  papule  on  the  fourth  or  fifth  day  in  a  nonimmune  subject.  When 
antibodies  are  no  longer  present  but  the  ability  to  quickly  form  them  still  exists, 
the  growing  colony  of  vaccinia  organisms  is  arrested  and  destroyed  before  it 
reaches  its  full  development.  In  consequence,  on  the  fifth  day  following  vaccina- 
tion this  secondar}'  vaccinia  (vaccinoid)  is  characterized  by  a  larger  areola 
and  a  smaller  vesicle  than  a  primary  vaccinia  of  the  same  age. 

The  characteristics  of  the  three  types  of  successful  vaccination  may  be  shown 
by  plotting  the  daily  average  measurements  of  the  lesions  of  a  series  of  vaccinas 
with  corresponding  measurements  of  a  series  of  vaccinoids  and  a  series  ot  reac- 
tions of  immunity  (Chart  I).  The  vaccination  certificate  issued  by  this  vuii- 
versity  does  not  provide  for  vaccination  failure.  The  reaction  of  immunity 
is  a  successful  vaccination  because  the  act  of  calling  out  antibodies  to  produce 
this  reaction  brings  up  immunity  to  its  maximum.  Smallpox  immunity  is  like 
a  clock :  the  further  it  has  run  down  the  longer  it  takes  to  wind  it ;  but  it  can 
only  be  wound  to  a  certain  point  no  matter  where  you  start  winding.  Produc- 
ing the  reaction  of  immunity  is  like  winding  an  eight-day  clock  which  has  only 
run  one  day  since  the  previous  winding.  You  would  not  say  that  you  had  failed 
to  wind  the  clock  because  you  had  to  stop  after  one  or  two  turns  of  the  key. 

The  secret  of  our  100  per  cent  of  vesicle  formation  in  the  previously  unvac- 
cinated  (Table  I)  is  simple.  It  consists  in  the  two  words  "fresh"  and  "cold" 
applied  to  the  smallpox  vaccines.  Fresh  because  it  is  the  very  latest  released 
by  the  manufacturer,  cold  because  it  is  barely  half  an  hour  from  his  ice  box 
to  our  ice  box  and  is  kept  in  cracked  ice  while  in  the  vaccination  room.  Any 
vaccinator  who  will  buy  his  smallpox  vaccine  in  bulk,  have  it  shipped  in  a 
vacuum  bottle  to  avoid  possible  steam  pipe  episodes,  and  keep  it  at  ice  box  tem- 
perature after  removal  from  the  vacuum  bottle,  has  a  right  to  demand  100  per  cent 
of  vesicle  formation  in  the  previously  unvaccinated.  If  one  of  these  subjects 
gives  a  reaction  of  immunity  on  first  vaccination,  you  may  rest  assured  that  small- 
pox has  been  there  before  you. 

Table  I. 

Results  of  Vaccination  or  University  of  California  Intrants  During  the 
Academic  Year  1916-17  Classified  According  to  Vaccination  History. 
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Table  II. 
Results  of  the  Revaccixatiox  of  898  Persons   Showing  Vaccination   Scars. 
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CONCLUSIONS 

1.  The  u.se  of  small  multiple  insertions  will  shorten  the  course  and  minimize 
the  dangers  of  smallpox  vaccination. 

2.  Properly  cooled  smallpox  vaccine  produced  a  high  percentage  of  successful 
vaccinations  four,  five,  and  six  months  after  collection. 

3.  The  best  results  were  secured  with  vaccine  used  within  one  month  after 
collection. 

4.  Vaccine  prepared  according  to  the  method  of  Noguchi,  while  bacteria- 
free,  seems  impracticable  for  commercial  use  on  account  of  rapid  deterioration. 

5.  Since  the  object  of  vaccination  is  to  secure  immunity,  successful  vaccina- 
tion consists  in  producing  either  a  primary  vaccinia,  a  secondary  vaccinia  (vac- 
cinoid), or  a  reaction  of  immunity  (Chart  I). 

6.  All  vaccination  certificates  should  be  based  on  actual  evidence  of  im- 
munity as  indicated  by  one  of  the  three  reactions  described,  and  not  on  repeated 
failures  to  secure  a  typical  vaccinia. 

7.  There  will  be  no  vaccination  failures  if  cold,  fresh,  potent  smallpox 
vaccine  be  used. 
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WAR  DEAFNESS  AND  ITS   PREVENTION-A  REPORT  OF  TESTS 
UPON  EIGHT  PREVENTIVES* 


By  Stacy  R.  Guild,  Ann  Arbor,  Mich. 


THE  object  of  the  series  of  experiments  here  reported  was  to  test  the  relative 
efficiency  of  various  devices  for  preventing  injuries  to  the  ear  parts  by  detona- 
tions. Eight  preventives  have  been  used  in  the  work  done  to  date ;  as  others  are 
obtained  they  will  be  tested  in  similar  manner. 

PREVENTIVES  USED  IX   TESTS 

The  first  two  devices  were  sent  to  me  by  Major  V.  C.  A'aughan,  of  the 
National  Research  Council,  with  the  request  that  I  try  them  out  and  report.  They 
had  been  submitted  to  the  Council  by  the  inventors. 

1.  The  "Scientific  Ear  Drum  Protector  'Tommy,'  "  patented  in  Great  Britain 
and  France  in  1915,  manufactured  by  Geo.  F.  Berry,  4  CuUum  Street,  Fenchurch 
Street,  London,  E.  C.  It  consists  of  a  hollow  soft  rubber  spherical  bulb  with  an 
opening  on  one  side  surrounded  by  a  flange.  The  external  diameter  of  the 
spherical  part  is  about  9.5  mm.,  and  of  the  flange  11.5  mm.  A  pair  in  an  envelope 
with  a  short  rod  for  helping  to  insert  them  properly  retails  at  one  shilling. 

2.  A  device  invented,  according  to  the  letter  from  Major  Vaughan,  by  Dr.  J. 
Gordon  Wilson,  Professor  of  Otology  at  Northwestern  University,  and  at  pres- 
ent in  the  medical  corps  of  the  British  army,  and  Professor  A.  A.  Michelson,  of 
the  Physics  Department  of  the  University  of  Chicago.  The  device  consists  of  a 
hollow  framework  of  hard  rubber  in  which  is  supported  a  valve  of  light  metal  so 
arranged  as  to  stay  open  and  permit  ordinary  sounds  to  pass  at  the  edges,  but  so 
adjusted  that  detonation  waves  can  cause  it  to  shut  by  moving  inward  and  form- 
ing contact  w4th  what  may  be  called  the  valve-seat.  The  outer  end  is  covered  by 
a  fine  meshed  wire  gauze  placed  in  a  detachable  metal  cap.  The  large  end  is  17 
mm.  in  diameter;  the  small  end  is  8  mm.  at  the  center  of  a  slight  bulge  near  the 
end.  This  inner  end  is  too  small  to  fit  any  of  the  meatus  I  have  tried  it  in,  but 
this  is  a  matter  easily  remedied.  It  is  probable,  judging  from  the  fact  that  the 
end  is  small  and  that  one  of  the  two  instruments  sent  was  embedded  in  a  cast 
of  plaster  of  Paris  made  to  fit  some  person's  right  ear,  that  the  intention  was  to 
fit  each  user  individually  by  making  casts  for  each.^  This  would  certainly  be  dif- 
ficult, if  not  impracticable,  to  carry  out  successfully  in  an  army,  for  the  casts 
would  require  frequent  renewal.  Two  other  serious  objections  are  evident  on 
critical  consideration  of  this  instrument.  In  field  service,  especially  in  trench 
life,  with  its  mud  and  other  dirt,  no  wire  gauze  would  be  able  to  prevent  particles 
of  material  from  passing  and  a  very  small  particle  would  be  sufficient,  when 
caught  under  the  edge  of  the  valve,  to  hold  it  open  permanently.     The  second 


*From  the  Department  of  Anatomy,  University  of  Michigan  Medical  School,  Ann  Arbor,  Mich. 
A  previous  paper  on  this   subject  may  be  found  in  this  Journal,   ii,   849. 

'The  device  submitted  in  a  cast  does  not  open  into  the  external  meatus,  but  is  so  placed  that  it 
must   have   rested   against   the    concha   just    posterior    to    the    oriiice    of    the    meatus. 
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objection  is  the  one  I  raised  in  the  previous  article  as  being  common  to  all  hard 
obtvn-ators ;  namely,  that  bullets  passing  alongside  the  head  and  wounding  only  the 
pinna  or  the  outer  part  of  the  external  meatus,  in  themselves  relatively  slight 
wounds  and  of  quite  common  occurrence,  would  shatter  the  hard  parts  of  an 
obturator  present  and  form  secondary  projectiles  of  the  fragments,  causing  much 
more  severe  wounds.  A  further  theoretical  objection  is  that  there  is  nothing  to 
prevent  the  air  in  the  meatus  from  passing  out  during  the  rarefaction  phase  fol- 
lowing the  condensation  phase  of  the  detonation  wave;  the  valve  acts  only  in  one 
direction.  This  would  permit  injury  due  to  the  air  contained  in  the  middle  ear 
cavity,  the  eustachian  tube  not  being  open  normally  except  during  part  of  the 
swallowing  act." 

The  next  two  devices  were  obtained  by  direct  j)urchase  from  the  manufac- 
turers." For  a  description  and  critical  discussion  of  them  and  the  following 
preventive  measures  the  reader  is  referred  to  the  previovts  article. 

3.  The  Elliott  "Perfect  Ear  Protector,"  manufactured  by  J.  A.  R.  Elliott, 
P.  O.  Box  201,  New  York  City. 

4.  The  "Mallock-Armstrong  Ear  Defender,"  1916  pattern,  manufactured  by 
the  Mallock-Armstrong  Ear  Defender  Co.,  2,  Palmer  Street,  Westminster,  Lon- 
don, S.  W.  This  1916  pattern  differs  from  the  description  of  the  device  given  in 
the  previous  article  in  that  the  diaphragm  between  the  wire  gauzes  is  not  of 
metal,  as  the  1915  patent  claims  call  for,  but  appears  to  be  of  a  membranous 
nature,  and  is  translucent.  The  device  is  now  made  in  seven  sizes  instead  of 
four,  to  enable  more  exact  fitting.  The  price  has  been  advanced  from  three 
shillings  to  four  shillings  a  pair. 

5.  Wax  cones  which  I  have  made  after  the  description  given  by  Rho  as  hav- 
ing been  adopted  in  the  Italian  navy. 

6.  Dry  cotton,  placed  firmly. 

7.  Cotton  saturated  with  glycerine,  carefully  kneaded  to  drive  out  all  the 
air  bubbles  possible.  Before  using,  the  excess  glycerine  was  scjueezed  out  with 
the  fingers. 

8.  Cotton  saturated  with  vaseline,  carefully  worked  in  until  a  uniform  mass 
was  obtained. 

METHOD  OE   TESTING 

The  mechanical  devices  are  made  only  of  a  size  to  fit  human  ears,  and  so 
the  ideal  manner  of  testing  them  is  upon  human  subjects,  which  will  be,  of  course, 
the  final  test  of  efficiency.  But  for  laboratory  tests,  in  which  autopsies  and  histo- 
logic preparations  are  desired,  animals  must  be  used.  To  do  this,  it  was  necessary 
to  devise  some  new  apparatus.  To  have  used  a  plain  piece  of  tapering  glass 
tubing  drawn  to  a  size  at  one  end  suitable  for  fitting  the  meatus  of  the  animal 
used  and  large  enough  at  the  other  end  to  receive  the  various  devices  would  have 
been  the  simplest  way,  but  a  very  serious  objection  is  met  with  due  to  the  fact 
that  the  consistency  of  the  glass  differs  so  much  from  the  pliable  human  ear  that 


'I  wish  at  this  place  to  express  niy  great  ailmiration  for  the  work  of  both  Prof.  Michelsoii  ami 
Dr.  Wilson  in  their  chosen  fields;  I  have  hesitated  to  express  criticisms  of  their  instrument,  especially  so 
since   mechanics   is   not   my   own    field. 

'I  ordered  also  three  pairs  of  the  Rogers  I'lastic  Ear  Plugs,  described  in  the  previous  article, 
hut   have   not  yet  succeeded   in   obtaining   them,   though    they   were   ordered    from    London    in    June. 
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a  fair  test  of  the  holding  power  of  the  preventives  would  not  be  given.  A  plain 
piece  of  rubber  tubing  attached  to  the  glass  tube  simulates  the  consistency  well 
enough,  but  not  the  shape  of  the  part  of  the  human  external  ear  in  which  the 
devices  are  intended  to  fit.  Two  of  the  devices,  the  "Tommy"  and  the  Elliott 
protector,  have  flanges  which  fit  beautifully  over  the  end  of  a  piece  of  tubing,  but 
not  so  well  in  the  actual  ear,  where  the  anterior  wall  of  the  meatus  is  continuous 
directly  with  the  posterior  surface  of  the  tragus,  while  a  "shoulder"  is  present  at 
the  posterior  part  of  the  orifice.  The  idea  was  conceived,  after  trials  with  these 
other  things,  of  trying  to  make  a  holding  device  of  soft  rubber  of  the  shape  of  the 
concha  and  first  part  of  the  meatus  of  a  human  ear.  Such  a  device  would,  if 
made  with  sufficiently  thick  walls,  be  of  a  consistency  simulating  the  human  ear 
in  the  part  holding  the  devices,  and  would,  therefore,  give  a  better  test  of  them. 
Being  inexperienced  in  working  with  rubber,  I  consulted  Dr.  E.  L.  Whitman, 
Instructor  in  Dental  Technics  in  the  Dental  School  of  the  University.  He  said 
that  m}'  idea  could  be  carried  out,  and  I  was  able  to  interest  a  dental  student, 
Mr.  G.  C.  Lubke,  who  made  for  me  two  rubber  "ears,"  which  answer  the  require- 
ments very  well.  These  were  built  over  a  plaster  cast  made  of  an  ear  of  a 
cadaver.  A  short  extension  of  the  outer  part  of  the  meatus  in  the  form  of  a  very 
heavy  walled  rubber  tube,  built  as  an  integral  part  of  the  device,  provides  a  means 
of  fastening  a  glass  tube  for  connecting  to  the  external  meatus  of  animals. 

Glass  tubes  may,  of  course,  be  made  to  fit  any  animal  it  is  desired  to  use, 
being  simply  glass  tubing  drawn,  or  blown,  to  the  shape  and  size  needed.  For 
guinea  pigs,  which  I  have  used  in  these  experiments,  I  made  several  of  these 
plugs  of  varying  sizes.  The  one  which  I  like  best  after  experience  with  them  is 
17.5  mm.  long,  and  has  an  internal  diameter  of  6  mm.  at  the  large  end,  tapering  to 
3.5  mm.  at  the  smallest  part.  The  small  end  was  flanged  slightly  in  making,  so 
that  the  3.5  mm.  diameter  is  about  1  mm.  from  the  end.  This  tube  does  not  pass 
into  the  meatus  of  a  guinea  pig,  but  fits  over  the  orifice,  and  in  order  to  com- 
pletely close  any  small  openings  left  a  soft  wax  was  used.  This  was  made  by 
mixing  beeswax  and  vaseline  in  about  equal  parts  by  heating.  The  wax  was 
packed  about  the  glass  tube  and  built  up  in  such  a  way  that  it  formed  a  wall  that 
continued  the  outer  surface  of  the  rubber  and  extended  to  the  side  of  the  head 
of  the  animal.  Those  tubes  small  enough  to  enter  the  guinea  pig  meatus  have  an 
internal  diameter  so  small  that  a  considerable  degree  of  protection  is  afiforded  by 
the  tubing  itself.     (See  Table  II.) 

In  order  to  use  such  an  arrangement  successfully,  it  is  essential  that  either  the 
apparatus  be  so  fastened  to  the  animal  that  it  will  follow  all  the  movements  it 
may  make  without  becoming  loosened,  or  that  the  head  of  the  animal  be  immo- 
bilized. The  latter  procedure  seemed  preferable  and  as  I  knew  of  no  apparatus 
suitable  for  this  purpose  a  new  one  had  to  be  made.  It  consists  of  a  base  of 
wood  10  cm.  wide  by  4  cm.  thick  by  35  cm.  long,  on  which  two  strips  of  canvas 
6  cm.  wide  are  tacked.  These  strips  run  across  the  base  and  at  either  end  serve 
as  hinges  to  which  are  attached  the  side  pieces,  each  of  which  is  made  of  thin 
narrow  strips  of  wood  nailed  together  to  form  a  latticework  23  cm.  long  by  8  cm. 
wide.  When  closed,  the  base  and  side  pieces  form  a  space  with  a  triangular 
cross  section  4  cm.  wide  at  the  base  and  nearly  8  cm.  high ;  the  spaces  of  the  lat- 
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ticework  permit  parts  of  the  body  of  an  animal  to  bulge.  To  further  immobilize 
the  head,  on  either  side  an  obliquely  placed  bar  of  wood  was  attached  to  the  inner 
side  of  the  lower  strip  of  the  latticework  near  one  end.  These  fit  behind  and 
under  the  angle  of  the  jaw,  and,  being  movable,  can  be  adjusted  readily  to  the 
size  of  the  animal.  To  prevent  vertical  movement  of  the  front  of  the  head,  a 
completely  removable  crossbar  of  wood  is  fastened  under  the  front  part  of  the 
lower  jaw;  this  is  also  adjustable  by  means  of  notches  in  the  latticework.  When 
properly  adjusted,  the  ears  of  a  guinea  pig  being  held  are  well  exposed  between 
strips  of  the  side  pieces.  The  apparatus  of  the  dimensions  given  is  adaptable  to 
guinea  pigs  ranging  from  200  to  400  grams.  Experience  has  showm  that  when  one 
sets  the  "jaw  pieces"  of  this  holding  apparatus  tight  enough  to  completely  im- 
mobilize the  head  of  an  animal  the  external  auditory  canal  is  liable  to  be  partly 
or  even  totally  pinched  shut.  When  set  loose  enough  to  assure  an  open  canal 
a  slight  amount  of  movement  is  possible  ;  it  was  found  that  most  animals  did 
not  try  to  move  after  the  first  struggles  while  fastening  them  in.  A  few  animals 
moved  after  packing  of  the  wax  and  required  repacking;  only  one  animal  out  of 
some  fifty  used  persisted  in  moving  so  much  that  it  was  impossible  to  satisfactorily 
place  a  packing.  In  every  case,  in  order  to  check  up  on  the  loosening  of  the 
packing  and  a  possible  entry  of  the  detonation  wave  thereby,  the  wax  was  ex- 
amined carefully  after  the  shooting,  and  the  condition  of  it  has  been  made  a 
matter  of  record  in  the  tabulated  results. 

The  source  of  the  detonation  wave  used  was  the  firing  of  a  45  caliber  Colt 
automatic  pistol,  using  Peters'  ammunition.  The  experiments  were  conducted 
in  the  open  at  a  place  w-here  a  hillside  forms  a  suitable  stop  for  bullets.  While 
the  detonation  is  not  of  the  initial  intensity  of  that  caused  by  an  exploding 
shell  or  by  the  firing  of  a  large  artillery  piece,  yet  by  using  the  relatively  small 
detonation  at  a  short  distance  the  force  is  doubtless  approximated  to  that  in  the 
zone  about  a  larger  explosion  in  which  ears  are  injured  without  causing  death 
by  "shell  shock."  A  series  of  controls  showed  15  cm.  to  be  a  suitable  distance, 
the  tympanic  membrane  being  regularly  ruptured  with  coagulated  blood  and 
edema  present  in  the  mucous  membrane  at  autopsy. 

Submitting  animals  to  large  gun  and  shell  detonations  might  be  done  at 
some  of  the  munitions  proving  grounds  and  at  certain  government  works,  if 
proper  authority  and  some  laboratory  facilities  were  provided,  and  such  tests 
would  be  an  interesting  check  on  these. 

The  routine  procedure  for  each  experiment  was  as  follows  :  ( \)  The  hair 
projecting  over  the  ear  to  be  protected  (the  left  ear  was  used  in  all  cases')  was 
trimmed  with  scissors;  (2)  the  animal  was  fastened  in  the  holding  ai>paralus  and 
the  apparatus  adjusted  so  as  to  be  sure  the  external  auditory  canal  was  not 
pinched  shut;  (3)  the  animal  in  the  apparatus  was  then  turned  on  oni-  side  and 
the  glass  tube,  with  the  large  end  already  inserted  in  ilu-  rubber  ear  in  which 
the  protecting  device  to  be  tested  had  been  carefully  adjusted,  was  placed  over 
the  meatus  (or  inserted  in  it  in  the  case  of  the  small  lubes  used  a  few  times)  and 
the  soft  wax  mixture  carefully  packed  as  already  di-^cribed  above;  (4)  a  cord 
passed  through  the  rim  of  the  rubber  ear  was  fastened  lo  the  framework  of  the 
Apparatus  in  such  a  wav  as  to  support  the  weight  of  the  car  and  prcxcnl   it    t  rom 
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becoming  loosened  by  gravity  when  the  animal  and  apparatus  are  placed  upright 
again;  (5)  the  apparatus  and  contained  animal  were  placed  on  the  ground 
selected,  the  hiuzzle  of  the  gun  held  at  the  predetermined  point  giving  the  desired 
distance  and  direction  and  the  shot  fired;  (6)  the  condition  of  the  wax  packing 
was  noted  immediately  and  the  animal  released  as  soon  as  possible. 

The  damage  to  the  ear  by  detonations  has  been  discussed  fully  in  the  pre- 
vious article.  The  variations  from  normal  that  indicate  injury  to  the  hearing  are 
to  be  sought  for  in  two  places  in  animals,  (1)  the  middle  ear  parts  and  (2)  the 
cochlear  parts.  Clinical  tests  on  the  hearing  ability  of  animals  are  very  unsatis- 
factory when  a  total  loss  of  hearing  has  not  occurred,  and  that  even  this  is  dif- 
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A  graphic  presentation  of  the  results  with  the  44  caliber  revolver. 

ficult  to  determine  is  evidenced  by  the  heated  discussion  from  1892  to  1895  as 
to  whether  animals  with  the  eighth  cranial  nerve  severed  some  time  previously 
could  hear.  The  experienced  laboratory  worker,  W.  Wundt,  was  deceived, 
among  others ;  with  such  a  record  of  the  interpretation  of  hearing  tests,  I  am 
depending  entirely  upon  organic  injuries  to  judge  the  damage  done  to  the 
hearing.  The  condition  of  the  middle  ear  parts  may  be  observed  with  the  unaided 
eye  at  autopsy ;  the  condition  of  the  cochlear  parts  can  be  told  only  by  microscopic 
examination  preceded  by  careful  histologic  preparation.  Yoshii  has  stated  that 
the  maximum  degree  of  change  in  the  cochlear  parts  is  reached  on  the  second  to 
third  day  after  the  injurious  detonation.     He  used  only  animals  exposed  to  the 
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full  force  of  a  detonation.     For  this  reason  I  killed  the  animals  used  about  forty- 
eight  hours  after  exposure. 

In  a  series  of  experiments  conducted  during  the  past  two  years  I  have  been 
trying  to  find  the  best  technic  for  handling  cochleae,  and  have  tried  most  of  the 
procedures  recommended  by  those  who  have  reported  work  on  cochleae  and  also 
some  new  variations.  This  work  was  done  preliminary  to  experiments  on  the 
physiology  of  hearing,  which  the  war  has  postponed  indefinitely,  but  which  I 
hope  at  some  future  time  to  carry  out.  At  that  time  the  results  of  the  various 
technical  procedures  will  be  fully  considered.  For  the  present  it  suffices  to  say 
that  in  these  experiments  I  am  using  the  method  which  has  given  me  the  best 
general  results.  It  will  be  given  in  full  in  the  report  of  the  condition  of  the 
cochleae  of  these  animals  submitted  to  detonations.  As  the  method  includes  fixa- 
tion of  the  tissue  by  vascular  injection  with  a  preliminary  thorough  washing 
out  of  the  blood  by  physiologic  saline  solution,  inflammatory  changes  in  the  middle 
ear  could  not  be  judged  by  the  coloration  at  autopsy,  but  had  to  be  judged  only 
by  the  presence  of  coagulate  and  edema.  The  significance  of  the  loosening  of  the 
mucous  membrane  was  not  recognized  by  me  in  the  first  animals  used  and  accord- 
ingly it  was  only  occasionally  recorded  at  first.  It  was  not  until  a  group  of  con- 
trol animals  that  had  not  been  exposed  to  detonations  was  examined  that  I  became 
certain  that  the  loosening  of  the  mucous  membrane  was  not  an  artefact  due  to  the 
injection  procedure.  This  accounts  for  the  blanks  in  the  records  of  some  of  the 
animals  with  regard  to  the  presence  of  edema.  The  condition  of  the  tympanic 
membrane  is  not  affected  by  the  injection  and  may  be  directly  observed,  as  may 
also  the  presence  of  areas  of  coagulate  which  are  not  removed  by  the  washing 
out  procedure. 

REASON    FOR  DIVIDING   THE   REPORT 

Since  the  handling  of  the  cochleae  by  the  method  used,  preparatory  to  section- 
ing, requires  at  the  very  least  85  days,  and  the  first  animals  were  used  Septem- 
ber 5,  it  has  seemed  advisable  to  report  the  observations  on  the  middle  ear  parts 
without  waiting  for  those  on  the  cochlear  parts,  especially  since  the  results  are 
positive,  certain  devices  having  protected  the  middle  ear  parts  better  than  others, 
and  since  the  injury  to  ears  of  soldiers  is  occurring  every  day.  •  The  study  of 
the  sections  of  the  cochleae,  when  prepared  properly,  should  give  more  evidence, 
but  its  nature  can  not  be  predicted.  It  may  show  marked  dift'erences  between 
degree  of  protection  afforded  by  those  devices  which  best  protected  the  middle 
ear  parts.  Due  to  the  time  required  for  sectioning,  staining,  and  studying  them, 
and  teaching  duties,  it  will  |)robably  be  late  next  si)ring  be  fort-  I  can  report  the 
cochlear  condition. 

OBSERVATIONS    ON    TllE    MIDDLE    EAR    PARTS 

The  observations  are  ])resented  in  tabulated  form;  the  tables  showing  the 
control  ex])eriments  being  ])lacc(l  before  those  of  the  iircvcntive  measures  tested. 
The  items  shown  in  the  lahlcs  nrcd  no  olhiT  e\iil,inalii»n  llian  that  already  given 
above. 

The  finding  of  normal  middle  ear  parts  in  one  side  of  No.   17  and  No.   18, 
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Table  I 

Control   Experiments 

Animals  with  both  Ears  Open  ;  No  Apparatus  in  Either  Ear 


gui- 
nea 

PIG 
NO. 

distance 

OF  NEAR- 
EST   EAR 

FROM 
MUZZLE 

NO. 

OF 

SHOTS 

FIRED 

SIDE 

CONDITION   OF 

TYMPANIC 

MEMBRANE 

AT    AUTOPSY 

AMOUNT    OF 
COAGULATE 
IN   AND   ON 

MUCOUS 
MEMBRANE 
OP    THE    MID- 
DLE   EAR 

EVIDENCE 

INDICATING 

EDEMA    OF 

THE    MUCOUS 

MEMBRANE 

REMARKS 

ESPECIALLY    ON 

THE  POSITION  OF 

THE   PISTOL 

45 

60  cm. 

1 

Right 

Intact  —  ra- 
d  i  a  I    streak 
o  f  coagulate 

Small 

Slightly 
loosened 

Shooting     from 
above  and  in  front 
of    animal     down- 

Left 

Intact 

One  large 
area 

Slightly 
loosened 

ward  at  20°   angle 
with    the    horizon- 
tal 

44 

30  cm. 

1 

Right 

About  Vs  of 
area   broken 

Medium 

Loosened 

Shooting    from 
above  and  in  front 
downward  about 
20°    slightly    along 
left  side 

Left 

Whole    cen- 
ter gone 

Small 

Loosened 

16 

15  cm. 

1 

Right 

Off   along 
most  of  cir- 
cumference 

Medium 

From     above     and 
behind    directly 
over  animal 

Left 

Not  quite  as 
bad  as  right 
side 

Medium 

Loosened 

17 

15  cm. 

5 

Right 

Intact 

None 

None 

(See    text    matter 
below)      From 
above  and  in  front 
along   right   side 
of  animal 

Left 

Completely 
gone 

Large 

18 

5  cm. 

3 

Right 

Intact 

None 

None 

(See    text    matter 
below)    From 
above  and  in  front 
along   left   side 

Left 

Completely 
gone 

Large 

Loosened 

39 

10  cm. 

2 

Right 

Off  of  M  of 
circumfer- 
ence 

Medium 

Shooting  from 
directly  above 

Left 

Fringes  only 
left 

Large 

Loosened 

after  shots  fired  at  so  short  a  distance,  is  to  be  interpreted  only  on  the  basis  of 
the  external  canal  having  been  pinched  shut  by  the  ]slw  pieces  of  the  holding; 
apparatus.  These  cases  were  among  the  first  animals  used  and  thereafter  special 
precaution  was  taken  to  prevent  repetition  of  this  condition,  as  has  been  men- 
tioned in  the  description. of  the  routine  procedure.  For  a  short  time  after  the 
shooting,  the  animals  appeared  to  be  somewhat  dazed,  but  none  were  unconscious 
when  released.  The  last  one  listed  above  was  n.ot  placed  in  the  holding  apparatus 
and  it  was  able  to  run  away  after  each  shot ;  it  did  not  stagger,  but  seemed 
somewhat  dazed. 

The  controls  on  the  possible  protection  afforded  by  the  apparatus  used  to 
hold  the  preventive  devices  show  clearly  that  there  is  an  approximately  equal 
damage  to  the  middle  ear  parts  with  and  without  the  rubber  "ear"  and  glass  tube 
in  place,  when  using  tubes  2.5  mm.,  and  upwards,  in  internal  diameter  at  the 
smallest  part.     \\^ith   the  2  mm.   tube,  a  certain  degree  of   protection  ma}'  be 
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Table  II 

Control   Experiments 

Animals  with   Glass  Tube  and  Rubber  "Ear"    (without  any   Preventive   Device 
Inserted)    in   One  Ear  and  the  Other  Ear   Open 


gui- 
nea 

PIG 
NO. 


19 


51 


50 


49 


47 


42 


43 


SIDE 


Right 


Left 


Right 


Left 


Right 


Left 


Right 


Left 


Right 


Left 


Right 


Left 


Right 

Left 


Right 


Left 


small- 
est di- 
ameter 

OF   THE 

GLASS 

TUBE  IN 

MM. 

3.5 


3.5 


3.1 


2.5 


2.0 


2.0 


2.0 


CONDITION 

OE    WAX 

PACKING 

AETER 

SHOOTING 


CONDITION 

OE 
TYMPANIC 
MEMBRANE 


AMOUNT  OE 
COAGULATE 
IN    AND    ON 

MUCOUS 
MEMBRANE 


AT    AUTOPSY   OE    THE    MID- 
DLE   EAR 


EVIDENCE 
INDICAT- 
ING EDEMA 
OP   THE 
MUCOUS 
MEMBRANE 


O.K. 


Ruptured 
badlv 


Medium 


Ruptured 

badly 

Of?  on  54  ofi 
circumfer- 
ence 


Medi 


REMARKS 
ESPECIALLY 

ON    THE 
POSITION  OF 
THE  PISTOL 

Two    shots  — 
one  at  10  cm. 
from  each  ear 
backward 
along  sides 


Large 


O.K.         Fringe 


Fringe 


O.K.         Fringe 


Large 


Slightly 
loosened 

Badly 
loosened 


LTsual  ar- 
rangement* 


Large 


Slightly 
loosened 


Large 


Slightly 
loosened 


Usual  ar- 
rangement* 


Fringe 


Large 


Loosened 


O.K. 


Fringe 


Large 


Off  on  Vs  of; 
circumfer-         Medium 
ence 


O.K. 


Off, on  1/4  of, 
circumfer- 
ence 


Medium 


Off  on  %  of; 
circumfer- 
ence 


Medium 


End  of  glass 
partly  Intact 

stopped 


End  of  glass 

partly 

stopped 


Streak 
about 
tympanic 
ring 


Loosened 
Loosened 

Badly 
loosened 

Loosened 


None 


Fringe 


Medium 


None 


Intact 


Small 


None 


Frin; 


1.5 


O.K. 


ilntact 


Medium 
None 


Slightly 
loosened 


None 


Usual  ar- 
rangement* 


LTsual  ar- 
rangement* 


LTsual  ar- 
rangement* 


Usual  ar- 
rangement* 

Usual  ar- 
rangement* 


*One  shot  at  IS  cm.  fired  with  the  muzzle  of  the  pistol  in  front  of  and  slightly  above  the  animal, 
and  pointing  downward  along  the  left  side  at  an  angle  of  about  20°  with  the  horizontal,  just  avoiding 
the  holding  apparatus  with  the  bullet. 


afforded,  but  I  am  more  inclined  to  attribute  the  results  obtained  with  this  tube 
to  the  fact  of  its  being  too  short  to  fit  properly  into  place,  thus  permitting  wax  to 
pass  beneath  it  in  packing.  As  will  be  observed  in  Table  IV,  the  larger  tubes 
were  used  for  the  most  part,  and  the  results  obtained  with  the  2  mm.  tube  have 
been  discounted  in  considering  the  effectiveness  of  any  device  with  whicii  it  was 
used  on  part  of  the  animals. 

Table  III  has  been  inserted  in  order  to  show  the  regularity  with  which  the 
detonation  and  arrangement  used  caused  severe  injuries  to  the  middle  ear  parts  of 
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Table  III 

Record  of  the  Unprotected  Ear  (Control  Ear)  of  the  Animals  with  which  the  Othi: 

Ear  was  "Protected"* 


guinea 
pig 

condition  of 
tympanic  membrane 

AMOUNT  OF  COAGULATE 

IN    AND   ON    MUCOUS 

MEMBRANE  OF  THE 

EVIDENCE    INDICATING 
EDEMA    OF    THE 

no. 

AT   AUTOPSY 

MIDDLE   EAR 

MUCOUS   MEMBRANE 

21 

Off  on  1/2  circumference 

Medium 

22 

"     "    54 

Small 

23 

"     "    % 

Small 

Loosened 

24 

"     "    l<i 

Large 

25 

"          "        V2 

Large 

Loosened 

26 

"     '•     y^_ 

Medium 

27 

"       "     Vz 

Medium 

28 

Only  fringes  left 

Medium 

29 

^  area  gone 

Very  small 

30 

>4  area  gone 

Small 

31 

Only  fringes  left 

Large 

32 

"           "           " 

Large 

33 

" 

Small 

34 

».           t.           tt 

Large 

Loosened 

35 

"           "           " 

Small 

None 

36 

Off  on  1/   circumference 

Large 

Loosened 

37 

A  radial  slit 

Only  on  edges  of 

slit — no  other 

Loosened 

38 

Only  fringes  left 

Large 

Loosened 

40 

Whole  center  out 

Large 

Loosened 

41 

Off  on  ^  circumference 

Large 

None 

53 

Only  fringes  left 

Medium 

Slightly  loosened 

54 

Whole  center   out 

Medium 

Slightly  loosened 

55 

%   area   out 

Medium 

Slightly  loosened 

56 

A  wide   fringe  left 

Large 

None 

57 

Only  a  fringe 

Very  large 

Badly  loosened 

58 

"     "         " 

Medium 

Slightly  loosened 

59 

"     "         " 

Medium 

Badly   loosened 

60 

"     "         " 

Medium 

Badly   loosened 

61 

Completely  gone 

Small 

Slightly  loosened 

*The  right  ear   was   open  in  all  cases.     For  the  shooting  arrangement,   see  footnote   to   Table   II. 

the  unprotected  ear  of  the  animals  which  had  the  other  ear  "protected."  It  should 
be  recalled  in  studying  the  following  tables  that  the  gun  was  so  placed  that  the 
protected  ear  received  a  hea\ier  wa\e  than  the  unprotected  one. 

DISCUSSION 

The  above  tabulated  observations  indicate  the  order  of  efficiency  of  the 
devices  in  reducing  the  intensity  of  the  detonation  wave.  In  discussing  them  I 
wish  to  add  to  these  observations  certain  other  factors  which  must  be  considered 
in  selecting  for  military  use.  At  this  point  it  is  well  to  recall  that  the  cochleae, 
when  sectioned  and  studied,  may  give  evidence  indicating  a  change  in  this  order, 
and  very  probably  will  help  to  subdivide  the  groups. 

In  the  first  group  I  would  place  the  "Tommy"  and  the  Mallock-Armstrong 
devices.  Both  protected  the  middle  ears  of  the  guinea  pigs  equally  well.  Of  the 
two,  for  use  in  any  but  military  hfe  I  would  prefer  the  Mallock-Armstrong,  for 
two  reasons.  In  the  first  place,  ordinary  sounds  are  heard  somewhat  better ;  and, 
in  the  second  place,  if  one  is  fitted  with  the  proper  size,  the  solid  end  of  the 
device  does  not  cause  the  irritation  while  wearing  that  the  continual  pressure  of 
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Tablk   IV 
Record  of  the  "Protected"  Ears* 


PREVENTIVE 
DEVICE 
BEING 
TESTED 

GUINEA 

PIG 

NO. 

smallest 
diameter 

OF  THE 
GLASS  TUBE 

IN  MM. 

CONDITION 
OF  WAX 
PACKING 

AFTER 
SHOOTING 

CONDITION 

OF  TYMPANIC 

MEMBRANE 

AT  AUTOPSY 

AMOUNT  OF 
COAGULATE 
IN  AND  ON 

MUCOUS 
MEMBRANE 

OF  THE 
MIDDLE  EAR 

EVIDENCE 

INDICATING 

EDEMA 

OF  THE 

MUCOUS 

ME.MBRANE 

26 
56 

2.5 

O.K. 

Intact 

None 

Scientific 

3.5 

O.K. 

Intact 

None 

None 

Ear  Drum 

Protector 

"Tomm}'" 

32 

2.5 

? 

Intact 

None 

None 

25 

2.5 

Bit  of 

wax  in 

tube 

Intact 

One  area 

Mallock- 

21 

2.5 

O.K. 

Intact 

Two  areas 

Armstrong 
Ear  Defender 

53 
22 

3.5 

O.K. 

Intact 

None 

None 

2.5 

Loosened 

Intact 

None 

Wax   Cone 

33 

3.5 

O.K. 

Intact 

None 

None 

of  the    Italian 

34 

3.5 

O.K. 

Intact 

Verv  small 

None 

Navy     type 

57 

3.5 

O.K. 

I ntact 

Slight 

None 

60 
61 

3.5 

O.K. 

Intact 

None 

None 

Cotton 

saturated 

with 

vaseline 

well 

worked  in 

3.5 

O.K. 

Intact — 

radial 

streak 

coagulate 

.\long  14 

tympanic 

ring 

Very 
slightly 
loosened 

40 

2.01 

O.K. 

Intact 

None 

None 

41 

2.01 

vSlightly 
loosened 

Intact 

None 

None 

Cotton 
saturated 
with 
glycerin — 

55 

3.5 

O.K. 

Intact 

Streak 

about 
tympanic 

ring. 
Two  other 

areas 

Slightly 
loosened 

worked  out 
as  much  as 
possible- 

59 

3.5 

O.K. 

Intact 

3/1   of  cir- 
cumference 
tympanic 
ring 

None 

37 

2.01 

O.K. 

Intact 

None       i        None 

35 
58 

3.5 

O.K. 

Intact- 
Clot  on 
outer 
surface 

One  area 

Loosened 

Dry 
cotton 
packed 
firmly 

3.5 

O.K. 

Radial  slit 

Edges  of 

slit- 
medium 
elsewhere 

Badly 
loosened 

36 

2.01 

O.K. 

Intact 

Along  Ys 
tympanic 

ring.- 
One  otiicr 
large  area 

Elliott 

23 
28 

2.5 

O.K. 

Oflf  on  7.-i 
circum- 
ference 

X'onr 

Loosened 

Perfect 

Ear 

Pn^tector-' 

3.5 

O.K. 

Intact 

Along  i/i 

tympanic 

ring 

54 

3.5 

O.K. 

Intact 

Along  all 
tympanic 

rin.;- 

Slightly 
looscned 
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Table  IV   (Cont'd) 
Record  of  the  "Protected"  Ears 


preventive 
device 

BEING 

tested 


SMALLEST 

CONDITION 

GUINEA 

DIAMETER 

OF  WAX 

PIG 

OF  THE 

PACKING 

NO. 

GLASS  TUBE 

AFTER 

IN  MM. 

SHOOTING 

Device  sub- 
mitted  to    the 
Council  bv 
Dr.   T.  G.' 
Wilson  and 
Prof.   A. 
Michelson 


27 


30 


31 


2..S 


3.5 


3.5 


O.K. 


O.K. 


O.K. 


CONDITION 
OF  TYMPANIC 
MEMBRANE    I 
AT  AUTOPSY 


Intact 


Intact 


Hole  about 
3  mm.  in 
diameter 


AMOUNT  OF 
COAGULATE 
IN  AND  ON 

MUCOUS 
MEMBRANE 

OF  THE 
MIDDLE  Ear 


Along  % 
ring. 
Other 
small 
areas 


3   streaks 
along 

parts  of 
ring. 

Several 
small 
areas 


Several 

small  areas 
one  large 


EVIDENCE 

INDICATING 

EDEMA 

OF  THE 

MUCOUS 

MEMBRANE 


*The  left  ear  in  each   case;   for  the  shooting  arrangement,  see  the   footnote  to  Table  II. 

'Controls  indicate  that  the  2  mm.  tube  is  too  small,  so  the  results  with  it  must  be  discounted. 

^A  fourth  animal  was  found  at  autopsy  to  have  a  thickened  tympanic  membrane  due  to  an  old  infec- 
tion, and  so  has  not  been  included. 

^Two  more  animals  were  tried  with  this  device;  with  both  the  wax  packing  was  not  in  good  condition 
when  examined  after  the  shooting,  and  accordingly  the  results  are  not  included.  Both  showed  positive 
injuries. 


the  elastic  rubber  bulb  of  the  "Tommy"  does.  But  there  is  one  serious  objection 
to  the  Mallock-Armstrong  device  for  army  use.  It  has  already  been  given  in 
discussing  the  Wilson-Michelson  instrument,  but  is  so  important  that  I  will 
repeat  it.  A  projectile  passing  alongside  the  head,  wounding  only  the  pinna  or 
the  outer  part  of  the  external  meatus,  in  itself  a  relatively  slight  wound  and  of 
quite  common  occurrence,  would  shatter  any  hard  obturator  present  and  form 
secondary  projectiles  of  the  fragments,  causing  a  much  more  severe  wound.  A 
further  objection  to  the  Mallock-Armstrong  instrument  is  the  difficulty  in  keeping 
dirt  and  mud  from  clogging  the  gauzes  and  membrane.  There  is  nothing  simpler 
to  keep  clean  than  a  "Tommy"  and  for  army  use  it  seems  to  me  the  best  of 
those  tested. 

The  wax  cone  of  the  Italian  Navy  type  comes  next  in  order,  followed  closely 
by  cotton  soaked  with  vaseline.  Because  of  the  universal  availability  of  cotton 
and  vaseline  I  consider  the  degree  of  protection  afforded  by  it  worthy  of  note  by 
those  to  whom  the  first  named  two  mechanical  devices  are  not  accessible.  The 
extra  protection  afforded  by  mixing  the  cotton  with  vaseline  is  well  worth  the 
trouble,  as  a  comparison  of  this  record  with  that  of  dry  cotton  shows. 

Cotton  soaked  with  glycerine  did  not  protect  quite  so  well  as  that  saturated 
with  vaseline;  the  explanation  probably  lies  in  the  greater  viscosity  of  the  vaseline. 

The  results  with  dry  cotton  are  particularly  interesting  in  view  of  the  unsatis- 
factory experience  that  various  armies  and  navies  have  had  with  it  in  actual  use. 
Since  this  was  given  in  my  previous  article,  it  will  not  be  repeated  here.  While 
only  three  animals  were  used,  the  consistency  of  the  failure  to  protect  is  a  beau- 


WAR    DEAFNESS    AND    ITS    PREVENTIOX  237 

tiful  confirmation  of  the  military  experience  with  it.  Doubtless  the  correct 
explanation  is  the  fact  of  its  being  air-containing,  as  several  men  have  urged. 
Cotton  soaked  with  water  was  not  tested;  I  will  try  it  if  I  have  occasion  to  run  a 
further  series  with  new  mechanical  devices.  On  theoretical  grounds,  water- 
soaked  cotton  should  give  protection  comparable  to  that  soaked  with  glycerine. 

The  Elliott  Perfect  Ear  Protector  and  the  Wllson-^Iichelson  device  rank 
together  with  dry  cotton  as  having  given  the  least  protection  to  the  middle  ear 
parts  of  the  animals  used.  With  all  three  preventive  measures  every  animal 
showed  positive  injuries,  and  one  out  of  each  group  of  three  animals  had  a  rup- 
tured tympanic  membrane. 

Testing  of  the  devices  for  the  relative  amount  to  which  they  reduce  ordinary 
sounds  has  given  rather  contradictory  results  so  far,  due  probably  to  the  crude 
nature  of  the  methods  employed  and  doubtless  in  part  to  the  mdividuals  acting  as 
subjects  having  placed  the  devices  more  or  less  poorly  in  their  own  ears;  but  this 
latter  is  a  thing  that  will  occur  in  the  actual  use  of  them.  So  I  know  the  degree 
to  which  each  excludes  ordinary  sounds  only  in  a  general  way  as  yet ;  but  I  feel 
safe  in  saying  that  all  the  devices  permit  conversational  sounds  to  be  readily 
understood;  loud  sounds,  such  as  commands  and  signal  whistles,  catch  the 
attention  at  a  considerable  distance.  Of  the  mechanical  devices,  the  Elliott  re- 
duces ordinary  sounds  the  least  and  the  "Tommy"  the  most,  the  "Tommy"  cutting 
it  down  more  than  dry  cotton  does,  but  all  of  the  mechanical  devices  permit  more 
to  pass  than  do  the  wax  or  the  soaked  cotton  plugs. 

PROJECTED   EXPERIMENTS 

A  further  series  of  experiments  is  projected  and  will  be  carried  out  as  rapidly 
as  the  time  available  from  teaching  duties  will  permit ;  it  is  hoped  to  have  these 
completed  before  the  cochleae  of  the  present  series  are  ready  to  begin  sectioning. 
Again  using  the  rubber  ear  as  a  means  of  holding  the  preventive  devices,  the 
glass  tube  will  be  led  to  a  tambour  and  the  record  be  made  on  smoked  paper 
instead  of  in  the  ear  of  an  animal.  These  records  are  intended  as  a  check  on  the 
relative  efficiency  indicated  by  the  reaction  on  the  guinea  pigs,  but  could  not  take 
the  place  of  these  animal  experiments,  for  the  amount  of  shock  necessary  to 
cause  injury  will  not  be  shown;  merely  the  relative  amount  of  detonation  waves 
that  pass  the  preventive  devices.  I  hope  by  this  same  method,  using  a  very  delicate 
tambour,  to  obtain  data  on  the  relative  amount  which  the  various  devices  reduce 
the  intensity  of  ordinary  sounds. 

ACKNOWLEDGMENTS 

I  wish  to  express  my  thanks  here  to  Dr.  Whitman  for  his  advice  on  the  rub- 
ber ears,  and  to  Mr.  G.  C.  Lubke  for  his  careful  work  making  the  same,  and  to 
Mr.  Frank  O.  Novy,  medical  student,  for  aid  in  conducting  some  of  the  experi- 
ments. 

BIBLIOGRAPHY 

For  all  references  to  literature  sec  "War  Deafness  and  lis  Previ-nlion^A 
C'ritical  Re\iew,"  published  in  the  Sepli'mlier.  1017.  numlier  of  the   loURN.VL. 


LABORATORY  METHODS 


A  COMPACT   BOX  FOR  THE   COLLECTION  AND  TRANSPORTATION 
OF  BLOOD  FOR  HEMOGLOBIN  ESTIMATIONS  AND  CELL  COUNTS* 


By  Stanley  P.  Reimann,  M.D.,  and  Edward  P.  Heu.Er,  M.D., 
Philadelphia,  Pa. 

THE  following  is  a  description  of  the  box  which  has  given  much  satisfaction 
in  daily  hard  use  in  the  Lankenau  Hospital  for  several  months.  Bills  for 
new  blood  pipettes  and  hemoglobinometers  have  fallen  to  zero  since  its  intro- 
duction, while  its  compactness  and  completeness  have  saved  much  time.  It  is 
designed  to  accommodate  nine  complete  counts  which  are  collected  on  the 
wards,  where  the  hemoglobin  estimation  is  made  immediately,  and  the  filled 
pipettes  are  then  transported  to  the  central  laboratory  for  counting. 


Fig.    1.-— Bottom    section    of   ])0 


H 


m 


fi 


b> 


Fig.  2. — Upper  compartment.  A,  sjiace  for  hemo- 
globinonieter;  H,  battery;  O,  block  to  hold  battery 
in  place. 


The  outside  dimensions  are  11  by  9  by  5^4  inches.  There  is  an  upper  com- 
partment 8  by  4^  by  4^  inches  with  a  hinged  lid  to  accommodate  a  Dare  hemo- 
globinometer  and  cut  to  allow  the  eyepiece  to  project  through  the  side  of  the 
compartment.  The  milled  head  which  controls  the  color  disc  protrudes  through 
the  top  of  the  lid,  and  can  be  moved  from  without,  while  another  slot  cut  in 
the  back  of  the  compartment  brings  the  scale  into  view.  A  small  electric  bulb 
and  connections  are  fastened  in  the  proper  position  in  front  of  the  blood  and 
color  disc ;  the  battery  is  in  a  compartment  to  the  side  and  the  current  is  con- 
trolled by  a  small  switch  on  the  outside  of  the  box  immediately  under  the  pro- 
jecting eyepiece.  A  small  piece  is  sawed  from  the  top  of  the  hard  rubber  movable 
portion  of  the  Dare  to  make  room  for  the  lid  to  close.  Ample  space  is  left  to 
provide  small  compartments  for  blood  lancet,  rubber  tubing,  alcohol-soaked 
cotton,  bottles  of  acetic  acid  and  saline,  and  bundles  of  horsehair  and  capillary 
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4.  —  Shows  a  drawer  for  holding  blood  pipettes. 
7.   coil   spring;   I.   notched   strip. 


Fig.  3. — Front  of  box,  showing  four  drawers  and 
the  u]iriglit  which  locks  the  drawers.  The  clamps 
for  tb.e   liil   nrc   Corbin   bag  clamjjs. 


Fig.  5. — Top  of  box.  A',  opening  through  which 
the  milled  head  of  the  henioglobinometer  protrudes; 
covered   by  a   bulged  lock  escutcheon. 


Fig.    6. — Side    of    bos. 
D,    henioglobiuoineter    eye- 
piece;  C,  switch. 


/,   drawer  open;    O.  space   for   beinogbibiii 
glass  slips;    K,   lio.\    for   slides. 
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tubing  for  coagulation  time  estimations.  The  inside  of  the  lid  is  painted  a  dull 
black.  Comparisons  of  hemoglobin  readings  using  candle  light  as  provided  for 
in  the  Dare,  and  the  small  electric  light  in  the  box  have  shown  practically  no 
differences. 

The  lower  compartment,  which  is  8  by  6  by  4j4  inches,  inside  dimensions, 
contains  four  drawers  pivoted,  which  swing  out  independently  or  together,  and 
are  locked  closed  by  an  extension  of  their  bottoms  which  are  held  in  place  by 
a  thin  hinged  strip  on  the  side  of  the  box,  and  this  is  locked  by  a  small  turn  key. 
In  the  upper  drawer  are  small  squares  of  gauze  and  cover  slips.  Slots  are  pro- 
vided in  the  second  and  third  drawers  to  hold  red  and  white  cell  pipettes,  and 
these  are  further  steadied  by  a  spring  passing  across  the  middle  of  the  drawer 
between  the  turns  of  which  the  pipettes  are  placed.     An  ordinary  slide  box  is 


<— / 


Fig.  8. — Blood  box  closed  for  transportation. 
/,  eyepiece;  II,  electric  switch;  III,  upright  for 
locking  drawers. 
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Fig.  9. — Section  cut  at  P,  Fig.  2.  A,  body  of 
Dare  hemoglobinometer;  B,  hole  in  lid  for  milled 
head  of  Dare;  C,  hole  in  back  of  box  through 
which  the  scale  can  be  read;  D,  hole  in  side  of] 
box  for  eyepiece;  E,  electric  lamp;  F ,P ,  plates  ofl 
brass  with  screw  heads  to  form  a  circuit  througm 
lamp  and  switch;  H,  space  for  battery;  G,  switch,' 
/,  /,  K,  L.  M,  drawers  to  hold  pipettes,  glass  slidi.- 
gauze,   etc. 


glued  into  the  fourth  drawer  to  hold  blood  smears.  If  they  are  made  on  cover 
slips,  a  space  can  be  provided  in  the  box.  On  either  side  is  room  for  the  hemo- 
globin glass  slips  and  holders.  The  inside  dimensions  of  the  drawers  are  5j^ 
by  4^  by  1  inches.  A  handle  on  the  lid  provides  for  carrying.  When  filled 
with  pipettes,  etc.,  it  weighs  10  pounds.  The  accompanying  photographs,  for 
which  we  are  indebted  to  Dr.  A.  G.  Miller,  of  the  Department  of  Roentgenology, 
will  show  the  main  features. 

Our  thanks  are  expressed  to  Mr.  E.  C.  Lovejoy,  the  house  carpenter,  not 
only  for  the  actual  workmanship,  but  also  for  many  details  of  construction. 


AIDS  TO  LABORATORY  EFFICIENCY 

By  Miles  J.  Breuer,  M.A.,  M.D.,  Lincoln,  Neb. 


THERE  is  a  constantly  growing  number  of  practitioners  in  the  medical  profes- 
sion who  realize  that  clinical  observation  ought  to  be  supported  by  laboratory 
study.  Many  of  these,  in  fact  most  of  those  who  are  located  in  smaller  towns, 
are  men  who  can  not  afford  to  pay  a  laboratory  technician's  salary,  and  who, 
at  the  same  time,  are  too  busy  with  their  patients  to  spend  very  much  time  in 
the  laboratory  themselves.  Even  the  simplest  routine  tests,  to  be  of  value,  must 
be  done  carefully,  and  require  time;  and  a  man  with  a  waiting-room  full  of 
people  hardly  has  the  patience  to  go  through  a  Widal  test  or  a  gastric  analysis 
with  the  same  elaborateness  that  the  internes  use  in  a  hospital  laboratory. 

I  have  always  been  of  the  opinion  that  even  the  busiest  practitioner  can 
do  a  considerable  volume  of  his  own  laboratory  work  if  he  is  so  inclined,  by 
spending  a  few  spare  hours  in  arranging  the  laboratory  and  apparatus  so  that 
they  are  convenient  and  efficient.  By  putting  in  a  little  time  when  he  is  not 
pressed  with  work,  he  can  so  arrange  things  that  when  he  does  have  to  ask  a 
patient  to  wait  while  a  test  is  performed,  he  can  run  through  the  latter  with  a 
minimum  expenditure  of  time  and  energy.  The  main  essential  is  to  eliminate 
unessential  motions  and  operations,  and  it  is  surprising  how  much  one's  time 
in  the  laboratory  can  be  cut  down,  by  attention  to  a  few  simple  things.  Espe- 
cially since  it  is  now  possible  to  purchase  reagents,  media,  and  stains  ready  made- 
up  or  nearly  so,  is  it  desirable  for  every  physician  to  do  as  much  of  his  own 
laboratory  work  as  possible,  in  preference  to  not  having  it  done  at  all. 

Below  are  described  a  number  of  methods  and  pieces  of  apparatus  which 
have  enabled  me  to  do  a  great  deal  of  clinical  laboratory  work,  although  I  have 
only  a  limited  amount  of  time  to  spend  in  the  laboratory.  Some  of  the  ideas 
are  original,  some  are  not ;  the  sources  of  the  latter  are  mostly  forgotten  and  not 
recorded.  Naturally,  these  things  will  be  of  interest  rather  to  the  practitioner 
than  to  the  man  who  is  at  home  in  the  laboratory. 

In  order  to  rvm  through  a  test  with  rapidity  and  certainty,  it  is  necessary 
to  have  it  well  in  mind.  The  next  best  thing,  when  this  is  not  practicable,  is  to 
have  a  card  index  of  the  tests  in  common  use.  The  preparation  of  such  an  index 
is  not  as  much  of  a  task  as  might  at  first  thought  seem,  for  when  the  test  is 
being  studied  over  for  the  first  time  while  learning  to  do  it,  it  takes  but  little 
additional  time  to  outline  or  abstract  it  on  a  card.  Later  when  the  work  is  being 
done,  it  is  only  necessary  to  take  the  card  from  its  box,  which  should  lie  kept 
in  the  laboratory,  and  keep  it  in  front  of  oneself  while  working. 

Take  the  matter  of  making  a  Gram  stain,  or  a  stain  for  luborcle  bacilli ; 
the  average  physician  is  apt  to  consider  the  procedure  rather  tedious ;  and  it 
is  tedious,  if  he  takes  the  slide  in  a  pair  of  forceps,  holds  it  over  an  opcMi  flame, 
and  drops  the  stain  on  it  out  of  a  bottle  each  time.  For  the  tubercle  imlliod  I 
have  provided  an  iron  plate,  which  I  heat  over  a  i'.unscn  burner,  hot  enough  lo 
make  a  drop  of  water  sizzle;  on  this  I  lay  the  slide,  removing  llir  hunicr.  .iikI 
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coxering  the  slide  with  carbul-fuchsin,  leaving  it  there  for  five  minutes,  during 
which  time  I  can  be  attending  to  something  else.  For  the  rest  of  the  process, 
and  for  the  Gram  stain  and  other  special  stains,  I  use  Coplin  jars  filled  with 
the  stain.  For  destaining,  I  have  Coplin  jars  filled  with  the  necessary  alcohol. 
With  these,  staining  is  merely  a  matter  of  transferring  the  slide  from  one  jar 
to  another,  and  while  it  is  in  the  jar,  other  work  can  be  attended  to.  In  case 
of  most  of  the  stains,  it  makes  little  difference  if  the  slide  is  left  in  the  stain 
longer  than  the  time  prescribed  in  the  textbook.  In  place  of  the  Coplin  jars, 
ordinary  wide-mouthed  bottles,  deep  enough  to  cover  a  slide,  may  be  used. 

Reaching  up  on  a  shelf,  taking  down  a  bottle,  removing  the  stopper,  and 
pouring  out  the  reagent,   consumes  an  appreciable  amount  of  time,   which  be- 


Fig.    1. — Siphon   bottles 


comes  considerable  when  frequently  repeated.  The  installation  of  siphon  de- 
livery bottles  for  the  more  common  reagents  so  that  merely  the  pressure  on  a 
pinchcock  suffices  to  release  the  flow,  is  easy  and  needs  no  further  explanation 
than  the  illustration  (Fig.  1).  At  o  is  a  tube  plugged  with  cotton,  to  allow  in- 
gress of  air  to  replace  the  liquid  that  runs  out.  I  use  this  method  for  handling 
the  following:  distilled  water  and  physiologic  salt  solution,  both  kept  sterile; 
.\  10  sodium  hydroxide,  which  is  protected  by  a  wash  bottle  containing  caustic 
soda  sticks  b,  to  remove  the  carbon  dioxide  from  the  entering  air  and  avoid 
weakening  the  solution;  Benedict's  solution,  and  alcohol.  Tenth-normal  sodium 
hydroxide  and  hydrochloric  acid  are  also  kept  in  burettes  fastened  to  the  wall, 
ready  for  instant  use.     The  top  of  the  burette  should  Ite  stoppered  with  a  rubber 
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stopper,  which  is  removed  w  lien  the  burette  is  used.  The  sodium  hydroxide 
burette  should  have  a  rubber  dehvery  tube  and  pinchcock  instead  of  a  glass 
stopcock,  as  the  alkali  causes  the  glass  to  stick.  It  would  be  desirable  to  keep 
nitric  acid  in  such  a  siphon  delivery  bottle,  as  it  is  very  frequently  used,  but 


Fig.   2. — Wash   bottle. 


it  is  a  little  too  energetic  to  be  handled  this  way,  as  there  is  danger  of  its  being 
scattered  about. 

Another  point  in  the  handling  of  reagents,  is  the  use  of  wash  bottles  for  dis- 
tilled water,  physiologic  salt  solution,  and  alcohol.     Very  frequently  during  the 


.V       I'ipi-tlc    1-aik. 


course  of  te.^t^  it  is  necessar)-  to  u^c  Muall  amounts  of  ihe^c  substances.  It 
they  are  kept  in  wash  bottles  of  the  form  shown  in  h'ig.  2,  blowing  into  lube  a 
will  deliver  a  small  fjuantity,  or  inclining  the  bottle  so  that  the  fluid  nnis  out  of  </ 
will  deli\cr  a  larger  quantity. 
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In  most  laboratories  that  I  have  seen,  pipettes,  glass  rods,  platinum  needles 
and  loops  are  kept  in  a  drawer;  when  one  is  needed,  it  is  necessary  to  open 
the  drawer  and  rake  among  its  contents  to  find  what  is  wanted.  I  have  adopted 
the  pipette  rack  shown  in  Fig.  3,  made  of  thin  pieces  of  wood  fastened  to  the 
wall  over  the  v.ork  table ;  this  keeps  all  the  rods  and  pipettes  in  plain  sight  and 
instantly  available.  It  consists  of  an  upper  strip  with  holes  through  which  the 
pipettes  are  placed,  and  a  lower  strip  with  hemispherical  depressions  made  with 
a  twist  drill.  At  the  bottom  of  each  of  the  latter  is  a  small  hole  entirely  through 
the  wood,  to  drain  out  the  water,  when  pipettes  are  placed  wet  in  the  rack. 

It  is  possible  to  save  much  lost  motion  by  attention  to  small  matters  about 
the  use  of  a  microscope.    The  light  is  important.     I  never  use  daylight,  but  have 


Fig.  4. — Microscopic  shelf. 


a  100- watt  nitrogen  Mazda  lamp  and  a  blue  filter,  which  will  give  correct  color 
rendering.  This  gives  a  constant  standard  illumination  for  comparison,  and  is 
instantly  available,  day  or  night,  with  no  other  arranging  or  manipulation  than 
the  mere  turning  of  a  switch.  Many  laboratories  have  the  light  under  the  table, 
coming  up  through  the  base  of  the  microscope,  whose  mirror  is  swung  out  of 
the  way.  This  method  is  good  if  it  is  possible  to  interpose  a  convex  lens  of 
proper  focal  length;  otherwise  definition  sufifers.  The  condenser  of  the  micro- 
scope is  made  to  handle  parallel  rays.  If  the  light  comes  from  a  source  closer 
than  four  feet  away,  it  is  necessary  to  use  some  method  of  rendering  the  rays 
parallel ;  otherwise  the  best  results  can  not  be  obtained. 

I   have  a  special   shelf   fastened  to   the  wall    for   microscopic   work.     The 
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various  extra  oculars,  and  bottle  of  immersion  oil,  that  come  set  in  a  block 
in  the  microscope  box,  were  pivoted  with  their  block  on  the  under  side  of  the 
shelf,  so  that  they  can  be  swung  out  when  needed.  An  arrangement  has  also 
been  provided  which  always  keeps  a  clean  slide  within  easy  reach.  This  is 
shown  at  A  in  Fig.  4.  with  an  arrow  pointing  to  a  partially  delivered  slide.  Fig. 
5  shows  the  details  of  construction.  In  Fig.  4,  above  the  box  containing  the 
light,  is  shown  a  chart  of  brightly-colored  squares  for  the  purpose  of  resting 
the  eyes  when  fatigued  by  prolonged  microscopic  examination. 

The  cleaning  of  hanging-drop  slides  is  a  tedious  operation  for  the  busy 
man,  especially  when  they  are  contaminated  with  pathogenic  organisms.  Much 
time  can  be  saved  by  the  arrangement  illustrated  in  Fig.  6.  A  cylinder  is  used, 
made  from  a  short  section  of  half-inch  glass  tubing,  ground  flat  on  both  ends 
by  an  optician.  The  shorter  the  section  of  the  tubing,  the  better  the  definition 
obtainable,  as  the  drop  is  then  closer  to  the  focus  of  the  rays  from  the  condenser. 
The  cover-glass  with  the  hanging  drop  is  set  on  the  cylinder  as  shown,  and  noth- 
ing becomes  soiled  or  contaminated  except  the  cover-glass,  which  can  be  taken 
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Fig.  5. — Container  for  slides. 

off  after  the  examination  is  over,  and  dropped  into  a  jar  of  sulphuric  acid  and 
potassium  dichromate  mixture,  which  is  always  kept  standing  in  the  laboratory 
to  receive  slides  and  other  small  pieces  of  apparatus  requiring  cleaning.  By 
using  such  cylinders,  two  or  three  hanging  drops  may  be  kept  together  on  the 
same  slide,  which  is  desirable,  for  instance,  when  the  agglutination  tests  for 
typhoid  and  the  two  paratyphoids  are  being  done. 

An  ordinary  suction  pump,  operated  by  water  pressure,  such  as  is  screwed 
to  the  water  faucet,  is  a  great  time  saver  about  the  laboratory.  Pressure  tubing 
(such  as  is  used  on  stethoscopes)  is  used  for  the  connections,  and  a  large  bottle 
is  interposed  in  the  suction  tube  by  means  of  two  bent  glass  tubes  in  a  rubber 
stopper;  the  purpose  of  this  is  to  catch  fluids  that  are  being  aspirated,  as  their 
passage  through  the  pump  will  interfere  with  its  action.  This  pump  can  be 
used,  for  instance,  for  cleaning  blood  counting  pipettes.  The  pipette  is  slipped 
into  the  connecting  tube,  and  dipped  for  a  moment  into  water,  alcohol,  and 
ether,  the  suction  drawing  through  enough  of  the  fluid  to  clean  the  pipette,  and 
the  entire  operation  not  requiring  over  one  minute.  Pipettes  for  serum  work, 
and  small  measuring  pi])ettcs  can  be  cleaned  in  the  same  manner.     For  separat- 
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ing  serum  from  corpuscles,  and  separating  other  liquids,  decanting,  and  to  re- 
place siphonage,  this  apparatus  saves  much  time  and  work.  When  it  is  de- 
sired to  keep  the  separated  fluid,  a  small  wash  bottle  can  be  interposed  on  the 
connection  to  catch  it.  For  aeration  methods,  the  pump  is  indispensable.  I 
have  made  this  pump  do  duty  in  gastric  aspiration,  and  in  the  office  operating 
room  in  mouth  work,  to  get  rid  of  saliva. 

Fig.  7  illustrates  a  form  of  pipette  that  I  have  found  very  convenient  for 
serum  work   and   work   with   vaccines,  especially   in  connection   with   the  pump 


Fig.  6. — Hanging-drop  arrangement. 

mentioned  above.  These  pipettes  are  easy  to  make,  and  can  be  made  over  a 
Bunsen  burner  from  ordinary  glass  tubing  after  a  little  practice.  They  are  used 
in  separating  serum,  decanting  in  washing  corpuscles,  filling  ampules,  and  the  like. 
When  it  is  necessary  to  take  a  specimen  for  a  blood  count  and  carry  it 
some  distance,  as  for  instance  from  the  patient's  home  to  the  laboratory,  the 
transportation   of   the  filled   pipette   without   afifecting  the  accuracy  of  the   test 


^^^^^^^^■i^^^H 

1 

^^^ 

I 

j^H 

■ 

i 

1L 

Hi 

■■ 

l'"ig,    ".-  -Serirn    pipettes. 

has  always  been  a  problem.  Obviously,  the  ideal  thing  is  to  have  a  portable 
microscope,  but  this  is  out  of  the  reach  of  many.  I  have  found  that  a  short 
]Dicce  of  hea\y  inner  tube  from  an  automobile  tire,  forming  a  heavy  rubber 
band,  is  an  excellent  method,  the  band  being  placed  around  the  pipette  so  that 
pressure  is  exerted  on  both  orifices. 

Another  little  thing  that  offers  some  difficulty  for  the  average  practitioner 
doing  his  own  laboratory  work,  is  the  dilution  of  serum  for  W'idal  work.     I  am 
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of  die  belief  that  this  dikition  should  be  made  with  a  fair  amount  of  accuracy; 
if  one  merely  slaps  down  a  drop  of  serum  and  a  few  drops  of  water,  the  test 
might  as  well  not  be  done  at  all.  When  a  large  amount  of  serum  is  available 
so  that  it  can  be  measured  in  drops  or  tenths  of  a  cubic  centimeter,  the  dilution 
is  not  difficult.  The  effort  should  be  made  to  procure  a  large  enough  amount 
of  blood;  but  the  fact  remains  that  this  is  not  always  done,  nor  is  it  always  even 
possible  or  practical.  When  only  a  small  quantity  of  serum  is  available,  it  may 
be  measured  thus :  draw  out  a  glass  tube  to  a  long  capillary,  as  much  as  eighteen 
inches  if  possible.  Cut  off  one  end  at  a  portion  where  the  bore  begins  to  be 
uniform ;  retain  the  other  end  as  a  mouthpiece  for  blowing  out  the  serum.  The 
serum  is  allowed  to  flow  in  by  capillary  attraction,  for  a  certain  length  of  the 
tube  measured  with  a  ruler,  then  the  proper  quantity  of  salt  solution  for  dilu- 
tion, measured  by  length,  taking  care  to  use  only  that  part  of  the  capillary  which 
is  of  uniform  diameter. 

None  of  the  apparatus  mentioned  above  is  out  of  reach  of  the  average  prac- 
titioner, even  of  the  young  man  starting  in  practice,  either  in  respect  to  ex- 
pense, or  skill  required  in  its  construction.  By  conducting  efficiently  those  lab- 
oratory operations  which  he  owes  as  a  duty  to  his  patients  and  himself,  he  can 
make  the  laboratory  a  pleasant  part  of  his  work  rather  than  irksome  drudgery. 
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Measles  and  Pneumonia  in  Our  Camps 

MEASLES  and  pneumonia  are  so  closely  associated  in  military  camps  that 
it  is  well  to  consider  them  together.  Measles  is  one  of  the  most  infectious 
diseases  and  its  restriction  in  camps  seems  well  nigh  impossible  except  under 
exceptional  conditions  when 'the  soldiers  can  be  scattered  over  large  areas.  This 
requires  so  much  housing  in  the  form  of  tents  or  barracks,  and  interferes  so 
greatly  with  drill  and  other  military  activities,  that  measles  is  justly  greatly 
dreaded. 

The  soldier  who  has  had  this  disease  in  childhood  is  fortunate,  and  a  com- 
mand made  up  of  immunes  is  doubly  so.  One  attack  seems  to  give  life-long 
protection.  It  is  true  that  occasionally  a  soldier,  who  is  sure  he  has  had  measles, 
develops  this  disease ;  but  it  is  more  than  probable  that  the  former  attack  was 
due  to  some  other  eruptive  disease.  Organizations  recruited  from  sparsely  set- 
tled districts  are  more  prone  to  this  infection  than  those  from  urban  or  more 
thickly  settled  communities,  on  account  of  the  larger  number  of  susceptible 
individuals. 

Measles,  among  our  people  at  least,  is  seldom  fatal  so  long  as  it  remains 
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uncomplicated  and  without  more  serious  sequelee.  Tliis  is  so  generally  true  that 
it  has  been  seriously  suggested  that  all  susceptibles  should  be  exposed  to  it  in 
order  to  secure  immunity,  but  until  the  complications  and  sequelae  can  be  more 
certainly  controlled,  this  procedure  can  not  be  recommended.  The  control  of 
epidemics  of  measles  is  more  difficult  because  it  is  transmissible  before  it  is 
recognizable  in  the  individual.  This,  however,  should  not  deter  medical  officers 
from  the  daily  inspection  of  all  men  under  their  charge,  and  especially  of  all 
recent  additions  to  their  commands. 

On  the  first  evidence  of  the  disease,  the  soldier  should  be  sent  to  the  hospital 
and  his  tentmates  should  be  quarantined  for  14  days.  This  time  is  believed  to 
cover  the  period  of  incubation.  The  contacts  may  be  drilled  in  a  squad  by 
themselves,  but  should  not  be  allowed  to  mingle  w-ith  others.  Their  drill  master 
and  attendants  should  be  selected  from  those  known  to  be  immune. 

A  soldier  sick  with  measles  should  be  immediately  sent  to  the  hospital,  with 
his  clothing  and  blankets.  On  arrival  at  the  hospital,  the  clothing  and  blankets 
should  be  sterilized  by  steam,  rolled  in  paper,  or  placed  in  a  paper  bag,  labeled 
and  put  away  awaiting  the  recovery  of  their  owner. 

In  the  hospitals,  patients  with  measles  should  not  be  crowded  more  than  is 
absolutely  necessary.  However,  when  the  bed  capacity  is  doubled  by  the  num- 
ber of  patients,  as  has  happened  in  more  than  one  base  hospital  recently,  over- 
crowding seems  unavoidable  unless  additional  cot  space  can  be  secured  by  the 
immediate  erection  of  hospital  tents.  When  the  beds  must  be  brought  within 
four  feet  of  one  another,  an  improvised  clotheshorse  carrying  a  sheet  kept  moist 
with  a  5  per  cent  solution  of  carbolic  acid,  or  a  1 :1000  solution  of  bichloride  of 
mercury,  should  be  placed,  as  a  screen,  between  the  cots.  This  may  seem  wholly 
unnecessary,  and  it  might  be  asked  why  it  is  necessary  to  try  to  protect  one 
measles  patient  against  another.  The  purpose  of  this  recommendation  is  not  to 
prevent  the  spread  of  the  measles ;  but  some  of  these  patients,  experience  indi- 
cates that  many  of  them,  are  carriers  of  virulent  pneumococci  and  streptococci, 
and  the  purpose  of  this  precaution  is  to  prevent  the  dispersion  of  these  virulent 
organisms.  The  sputum  cups  should  be  burned  and  the  floors  should  be  kept 
moist  and  dry  sweeping  should  not  be  permitted.  The  patients  should  be  kept 
warm  and  given  hot  drinks.  The  plates,  knives,  and  forks  should  be  boiled. 
Drinking  cups  should  not  be  exchanged,  but  each  patient  should  have  his  own. 
Paper  napkins  should  be  used  and  should  be  burned  with  the  sputum. 

A  mistake  made  in  many  of  our  camps  is  the  too  early  return  to  duty  of  sol- 
diers recovering  from  mea.sles.  They  should  be  placed  in  convalescent  hospitals 
and  kept  at  rest  for  a  period  of  ten  to  fourteen  days  before  returning  to  dutw 
W'hile  uncomplicated  measles  seldom  or  never  kills,  it  lowers  the  resistance  to 
infection  with  pneumococci  and  streptococci.  Too  often  it  has  hapi^ned  that 
a  soldier  returned  to  duty  after  recovery  from  measles  is  sent  back  to  the  hos- 
pital within  two  or  three  weeks  or  earlier  with  pneumonia.  On  the  other  hand, 
in  those  camps  in  which  the  convalescents  from  measles  have  had  proper  care, 
the  number  of  cases  of  pneumonia  is  relatively  low.  It  should  be  impressed 
upon  every  medical  officer  that  a  convalescent  from  measles  is  especially  sus- 
ceptible to  pncumococcic  and  streptococcic  infection,  and  in  order  to  protect  him 
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from  these  infections,  he  should  have  proper  and  prolonged  professional  super- 
\ision. 

When  a  soldier  recovers  from  measles  and  leaves  his  bed  in  the  hospital, 
the  bedding  should  be  sterilized  by  steam  before  it  is  occupied  by  another  patient. 
The  absence  of  any  provision  for  this  procedure  is,  up  to  the  present  time,  a 
striking  feature  of  most  of  our  base  hospitals.  Sterilizers,  we  are  told,  have  been 
ordered,  but  up  to  the  early  part  of  December  we  found  no  base  hospitals  fitted 
with  facilities  for  sterilizing  mattresses  and  blankets.  It  is  claimed  by  many 
that  exposure  for  a  few  hours  to  the  air — we  will  not  say  to  sunlight  because 
this  is  by  no  means  always  in  evidence — is  sufficient  to  disinfect  bedding  which 
has  been  occupied  by  patients  with  measles  and  pneumonia,  but  some  are  still 
skeptical  on  this  point. 

That  overcrowding  has  been  a  factor  in  the  spread  of  respiratory  diseases 
in  our  camps  seems  quite  evident.  The  transmission  of  these  diseases  is  in 
inverse  ratio  to  the  distance  between  individuals.  With  men  sufficiently  scat- 
tered, even  measles — as  contagious  as  it  is — is  not  transmissible.  The  Surgeon- 
General,  with  his  extensive  experience  with  septic  pneumonia  in  the  Canal  Zone 
and  in  South  Africa,  has  recognized  the  danger  from  the  respiratory  diseases  and 
has  insisted  from  the  first  that  every  man  in  barracks  or  tents  should  have  a 
minimum  of  50  square  feet  of  floor  space.  W^ith  nine  men  in  a  tent  16x16,  the 
space  is  reduced  to  less  than  29  square  feet  and  in  some  camps  the  number  of 
men  in  such  tents  was  as  great  as  12.  Soldiers  have  been  overcrowded  in  tents. 
barracks,  and  even  in  hospitals. 

The  viruses  of  the  respiratory  diseases  are  transmitted  for  the  most  part, 
at  least,  through  the  spray  present  in  coughing,  sneezing,  and  rapid  talking.  It 
is  true  that  a  virulent  pneumococcus  has  been  found  in  dust,  and  this  can  not 
be  omitted  from  the  list  of  distributing  agencies.  Some  of  our  camps  have  been 
very  dusty,  and  how  greatly  this  has  contributed  to  the  prevalence  of  the  respira- 
tory diseases  can  not  be  accurately  determined. 

Medical  officers  should  be  awake  to  the  danger  of  overcrowding  and  should 
do  what  they  can  to  avoid  it.  Line  officers  have  certain  valid  reasons  for  pre- 
ferring compact  organizations.  It  favors  administrative  purposes.  However, 
there  should  be  no  unreasonable  conflict  on  this  point  among  intelligent  men, 
all  of  whom  must  recognize  the  fact  that  the  strength  of  an  army  lies  in  its 
effective  men  and  is  in  inverse  ratio  to  those  on  sick  report  and  in  hospital.  The 
medical  officer  is  supreme  in  the  hospital,  and  still  some  wards  have  been  over- 
crowded while  others  are  vacant.  Because  a  ward  is  intended,  in  the  construc- 
tion of  the  hospital  for  surgical  cases,  is  no  reason  why  it  should  remain  vacant 
for  weeks  while  the  pneumonia  wards  are  carrying  twice  the  number  of  patients 
they  were  built  for.  If  the  sterilization  of  bedding  is  secured  by  a  few  hours' 
exposure  to  out-of-door  air,  a  ward  should  be  safe  after  the  removal  of  all  the 
beds  and  a  few  days'  exposure  with  open  windows  and  doors. 

In  our  base  hospitals  in  this  country,  with  no  wounded,  the  greater  part  of 
the  space,  which  means  the  greater  number  of  the  wards,  should  be  used  for 
medical  cases  and  especially  for  respiratory  diseases. 

It  should  not  be  forgotten  that  overcrowding  in  sleeping  quarters  is  deter- 
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mined,  to  some  extent,  by  the  position  of  the  cots  with  reference  to  one  another. 
So  far  as  the  spread  of  respiratory  diseases  is  concerned,  men  may  be  over- 
crowded in  the  open  air.  It  has  not  been  unvisual  to  find  men  sleeping  in  cots 
so  arranged  that  four  heads  are  brought  close  together.  The  medical  officer 
should  see  to  the  arrangement  of  cots  in  tents  and  barracks.  On  account  of  the 
shortage  of  blankets  and  the  absence  of  heating  facilities,  it  is  not  rare  to  find 
two  cots  brought  close  together  so  that  the  same  blankets  may  cover  two  men. 
It  seems  to  have  been  assumed  by  those  who  had  supervision  of  the  hous- 
ing of  our  soldiers,  that  camps  and  cantonments  in  the  southern  states  did  not 
need  to  be  warm,  and  has  probably  been  a  contributing  factor  in  the  greater 
prevalence  of  pneumonia  in  the  southern  camps  compared  with  those  located  in 
the  north.  Moreover,  it  is  an  old  and  well  certified  medical  observation  that 
pneumonia  is  not  only  more  common,  but  more  fatal,  in  .the  south  than  in  the 
•  northern  states.  While  the  average  winter  temperature  in  Michigan  is  lower 
1  than  that  of  South  Carolina,  one  may  sufifer  from  the  cold  quite  severely  in  the 
latter  state.  The  same  general  idea  seems  to  have  prevailed  among  those  whose 
duty  it  was  to  provide  winter  clothing.  This  was  distributed  last  in  the  southern 
camps,  and  as  late  as  early  December  many  of  the  soldiers  at  Fort  Worth,  Texas, 
were  not  provided  with  woolen  clothing.  By  one  who  has  experienced  the  chill- 
t      ing  efifects  of  a  Texas  norther,  this  defect  will  be  appreciated. 

Another  mistake  in  the  construction  department  was  to  leave  the  base  hos- 
pital for  the  last  building  to  be  erected.  At  Fort  \\'orth,  early  in  December, 
the  base  hospital  was  without  running  water  and  sewers,  and  all  bed  pans  had 
;  to  be  carried  a  long  distance — in  some  wards  as  far  as  a  quarter  of  a  mile. 
'j  There  were  absolutely  no  bathing  facilities  in  the  base  hospital.  At  Fort  Sill, 
the  base  hospital  was  in  process  of  construction,  and  some  of  the  wards,  par- 
tially built,  were  crowded  with  patients.  I'here  were  no  trained  nurses,  and  the 
soft  coal  used  in  the  small  stoves  was  tracked  over  the  floor  and  the  dust  was 
deposited  on  sheets  and  pillow  cases.  In  camps  and  cantonments  in  this  country, 
the  base  hospital  should  be  com])leted,  and  furnished  with  every  facility,  before 
troops  are  moved  in. 

The  excellence  of  the  barracks  of  the  aviation  cor])S,  and  the  relative  free- 
dom from  disease  among  those  occupying  them  is  shown  when  comparison  is 
made  between  them  and  the  division  housing.  It  is  said  that  the  former  were 
constructed  by  the  a\iation  corps,  not  by  the  quartermaster's  department.  The 
construction  cost  more  in  money,  but.  so  far,  has  cost  much  less  in  sickness  and 
deaths. 

A  great  sin  has  been  committed  in  sending  troops  from  a  camp  known  to 
lie  badly  infected,  to  one  relatively  free  from  infection,  without  proper  precau- 
tion. At  Camp  Wheeler,  Macon,  Georgia,  and  at  Cam|)  Beauregard,  AU'xandria. 
IvOuisiana.  the  statement  is  made  tliat  their  infection  came  from  Cini])  I'iki\ 
Ivittle  Rock,  Arkansas.  At  the  hast  mentioned  place,  the  claim  is  made  thai  iheir 
infection  came  from  Camp  Funston,  I'^ort  Riley,  Kansas.  Inck'ed.  llie  cliarge  is 
openly  made  that  one  camp  intentionally  emptied  it>»  li()S|)ital  into  another  camp. 
W  hik"  this  undoubtedly  is  a  gross  exaggeration,  tliere  is  some  Irutli  in  these 
st.'itements.      Men    have    arri\'ed    at    tiieir    destinalion    artualK     ill    with    measles. 
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pneumonia,  or  meningitis,  and  have  been  sent  directly  from  the  train  to  the 
hospital.  Such  procedure  would  not  be  permitted  by  civil  health  authorities. 
Moreover,  this  is  not  the  worst  of  it.  Men  coming  from  an  infected  camp  have 
been  immediately  distributed  among  the  different  organizations  at  the  place  of 
arrival.  In  this  way,  the  infection  has  been  planted  and  scattered  widely  in  a 
most  fertile  soil.  Under  no  condition,  except  under  the  stress  of  actual  warfare, 
should  troops  be  sent  from  one  camp  to  another  without  isolation  for  a  period 
under  medical  supervision  both  before  departure  and  after  arrival.  This  pre- 
caution should  be  taken  on  all  transfers  of  troops  from  one  camp  to  another 
occupied  camp.  When  the  movement  is  from  an  infected  camp,  extra  precau- 
tions should  be  taken.  New  arrivals,  whether  they  come  from  another  camp, 
or  from  recruiting  stations,  or  directly  from  their  homes,  should  be  quartered 
apart  and  inspected  individually  and  daily  before  distribution  among  organiza- 
tions. The  transfers  of  troops  should  be  under  the  supervision  of  medical  offi- 
cers, and  these  should  report  to  the  medical  officers  at  the  place  of  destination 
all  infections  which  have  appeared  among  the  arrivals  or  to  which  they  have 
been  exposed.  These  precautions  might  not  be  necessary  among  well-seasoned 
troops  who  have  been  in  the  field  for  months  and  possibly  for  years,  but  with 
raw  soldiers  they  are  absolutely  necessary  if  infection  is  to  be  reduced  to  a 
minimum.  Within  a  few  months,  we  should  have  a  constant  stream  of  troops 
moving  from  their  homes  through  one  camp  and  another  to  points  of  embarkation 
across  the  ocean  to  the  battlefields  of  Europe.  To  protect  these  millions  from 
infection,  or  to  reduce  infection  among  them  to  the  minimum,  will  require  the 
constant  attention  and  care  of  our  most  experienced  epidemiologists.  We  can 
not  hope  to  avoid  loss  from  infection  altogether,  but  we  must  reduce  it  so  far  as 
possible.  We  must  pay  a  penalty  for  the  unprepared  state  into  which  we  al- 
lowed ourselves  to  fall,  notwithstanding  the  warning  which  came  to  us  so 
plainly  more  than  three  years  ago.  The  seasoned  soldier  learns  to  take  care  of 
himself,  and,  if  we  are  correctly  informed,  the  infectious  diseases  are  infre- 
quent among  the  French  and  English  veterans,  but  they  have  had  long  training. 
At  best,  we  are  to  pay  dearly  for  our  apathy. 

When  the  new  select  men  are  called,  each  should  come  to  camp  with  a 
card  from  the  health  officer  of  his  home,  giving  a  list  of  the  communicable  dis- 
eases observed  in  that  locality  during  the  past  month.  These  men  should  be 
housed  in  groups  of  not  more  than  30,  and  preferably  in  much  smaller  groups, 
kept  in  quarantine  with  daily  medical  inspection  for  at  least  two  weeks.  Their 
civilian  clothes  should  be  disinfected  and  sent  home.  The  men  should  have 
thorough  cleaning  in  supervised  baths  and  under  the  care  of  an  officer.  They 
.should  be  clothed  in  proper  uniforms  and  supplied  with  an  extra  suit  of  under- 
clothing. During  the  period  of  detention,  the  men  should  receive  their  vaccines 
and  undergo  all  necessaiy  special  medical  examinations.  Each  group,  or  squad, 
should  be  drilled  or  exercised  by  itself.  At  the  end  of  two  weeks,  groups  which 
have  remained  free  from  infection,  might  be  brought  together — not  more  than 
two  groups  at  first.  After  shorter  intervals,  companies  may  be  formed,  and 
finally  regiments,  but  for  two  months  the  groups  should  not  be  larger  than  com- 
panies.    After  this,   regiments   and   larger  masses   may   be   organized.      In   the 
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primary  training  camps,  the  arrangement  should  be  such  that  each  company 
could  be  isolated  from  every  other  part  of  the  camp  at  short  notice.  Medical 
officers  especially  skilled  in  the  recognition  and  effective  management  of  com- 
municable diseases,  should  daily  examine  every  man,  stripped  and  while  in  his 
bath.  Daily  bathing  should  be  a  routine  exercise.  Medical  officers,  during  this 
preliminary  period,  should  live  with  the  men,  eat  at  the  same  mess,  sleep  in  the 
same  quarters,  and  should,  at  the  end  of  that  time,  have  some  voice  in  the 
selection  of  noncommissioned  officers.  Besides,  success  in  this  work  should  be 
given  weight  in  fixing  the  rank  of  medical  officers.  All  the  camps  and  canton- 
ments now  in  this  countiy  should  be  maintained  at  least  as  long  as  the  war  lasts. 
This  is  recommended  in  order  that  overcrowding  may  not  again  be  necessary, 
and,  if  the  number  now  existent  is  not  enough  to  prevent  overcrowding,  more 
camps  and  cantonments  should  be  provided.  The  barracks  and  base  hospitals 
now  in  existence  shcmld  be  painted  and  kept  in  repair.  This  should  include  the 
water  supply,  sewerage,  baths,  etc.  Let  us  proceed  as  though  we  expect  the 
war  to  continue  indefinitely.  When  it  does  stop,  these  camps  and  cantonments 
may  be  used  for  the  universal  military  training  for  which  it  is  to  be  hoped  we 
will  be  wise  enough  to  provide.  Some  of  the  base  hospitals  would  be  excellent 
for  tuberculosis  sanatoriums,  if  kept  in  repair.  There  is  nothing  more  demoraliz- 
ing to  camp  sanitation  than  the  idea  that  the  camp  is  soon  to  be  abandoned. 

With  the  restriction  of  the  death  rate  from  tuberculosis,  pneumonia  is  fast 
winning  the  rank  of  "Captain  of  the  hosts  of  death."  There  is  a  general  im- 
pression that  it  is  most  prevalent  among  children  and  the  aged,  but  Cole  states 
that  more  than  half  the  cases  fall  between  20  and  50  years — the  period  of  great- 
est activity.  It  was  the  most  serious  disease  met  with  by  the  Surgeon-General 
in  the  Canal  Zone  and  he  was  called  to  South  Africa  to  advise  concerning  its 
restriction  among  the  miners  in  the  Rand  region.  With  the  exception  of  dysen- 
tery and  typhoid  fever,  pneumonia  caused  more  deaths  among  the  soldiers  of 
the  Civil  War  than  any  other  disease,  and  with  the  elimination  of  typhoid  fever, 
pneumonia  in  all  probability  will  claim  more  deaths  in  our  army  than  any 
other  disease.  Experience  shows  that  it  is  especially  prevalent  among  recruits. 
It  levies  a  heavy  tribute  upon  those  who  are  passing  through  the  transition  from 
home  life  to  that  of  the  soldier.  Many  fall  its  victims  in  the  process  of  being 
adapted  to  the  altered  conditions  of  life.  Especially  is  this  true  when  the  period 
of  this  transition  is  accompanied  by  exposure  to  unusual  cold  and  wet.  The  fact 
of  this  greater  prevalence  and  fatality  among  the  inhabitants  of  our  southern 
states,  has  already  been  mentioned,  as  has  the  special  susceptibility  of  those  con- 
valescent from  measles. 

It  is  customary  to  speak  of  lobar  and  bronchopneumonia.  This  distinction 
is  useful  from  the  standpoint  of  the  pathologist,  but  how  useful  it  is  from  an 
etiologic  or  epidemiologic  viewpoint  remains  to  be  seen.  Both  forms  may  be 
primary  and  both  may  follow  measles.  It  is  generally  believed  that  lobar  pneu- 
monia is  more  frequently  primary,  while  bronchopneumonia  is  the  form  most 
likely  to  follow  measles.  However,  up  to  the  present  time  there  are  no  con- 
vincing statistics  on  this  point,  ft  is  highly  desirable  that  accurate  observations 
should  be  made  and  recorded  in  our  base  hospitals  as  to  the  relation  of  the  two 
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forms  of  pneumonia  to  measles.  The  records  should  show  in  each  case  as  to 
whether  it  was  lobar  or  bronchopneumonia,  but  what  is  of  more  importance, 
whether.it  was  primary  or  post  measles  pneumonia.  With  accurate  observa- 
tions on  these  points,  properly  recorded,  we  should  soon  have  information  of 
great  value  in  an  epidemiologic  way,  and  this  is  what  we  greatly  need  in  our 
efforts  to  reduce  the  incidence  of  these  diseases. 

Cole  defines  lobar  pneumonia  as  follows:  ''Acute  lobar  pneumonia  is  an 
acute  infectious  disease,  the  characteristic  feature  of  which  is  a  uniformly  diffuse 
exudative  inflammation  of  entire  portions  of  one  or  more  lobes  of  the  lung.  It 
has  long  been  a  question  of  dispute,  however,  whether  the  definition  of  the  dis- 
ease shall  be  based  on  the  pathologic,  etiologic,  or  clinical  features.  In  our  opin- 
ion, so  far  as  prevention  and  cure  of  the  disease  are  concerned,  it  is  of  the 
greatest  importance  that  the  chief  stress  should  be  laid  on  the  etiologic  agent. 
Lobar  inflammation  of  the  lung  may  undoubtedly  be  caused  by  a  number  of  dif- 
ferent bacteria.  The  vast  majority  of  the  lesions,  however,  are  caused  by  varie- 
ties of  diplococcus  pneumoniae.'' 

The  bacteriology'  of  bronchopneumonia  has  not  been  so  completely  studied, 
but  it  is  safe  to  say  that  the  varieties  of  bacteria  found  in  the  exudate  are  more 
numerous,  and,  while  the  pneumococcus  may  be  the  sole  causative  agent,  strepto- 
cocci are  more  frequently  present  than  in  lobar  pneumonia  and  may  be  the  chief, 
if  not  the  sole,  causative  agent.  Careful  observation  and  records  in  the  labora- 
tories of  our  base  hospitals  should  give  us  most  desirable  information  concerning 
the  bacteriolog}^  of  both  forms  of  pneumonia,  and  there  is  opportunity  in  each 
of  these  laboratories  to  make  useful  contributions  to  the  etiology  and  epi- 
demiology of  pneumonia. 

The  pneumococcus  was  first  found  by  Pasteur  in  the  saliva  in  a  case  of 
rabies,  and  about  the  same  time  by  former  Surgeon-General  Sternberg  in  the 
normal  saliva.  The  fact  that  many  people  in  health  carr}^  these  organisms  in 
their  saliva  more  or  less  constantly,  led  to  the  belief  that  pneumonia  results  from 
the  lowered  resistance  of  the  individual  induced  by  unusual  exposure  to  wet 
and  cold,  an  attack  of  measles,  etc.,  and  that  isolation  and  disinfection  of  sputum 
was  unnecessary.  Under  this  attitude  toward  the  disease,  it  has  not  decreased 
and  there  is  strong  evidence  that  it  has  increased.  .  The  census  of  1900  made  it 
responsible  for  more  than  10  per  cent  of  all  deaths. 

The  painstaking  investigations  of  Cole  and  his  associates  at  the  hospital  of 
the  Rockefeller  Institute  have  shown  that  pneumococci  may  be  differentiated  into 
several  types  and  subtypes.  This  work  is  still  incomplete,  but  it  has  progressed 
far  enough  to  throw  much  light  on  the  etiolog)'  of  lobar  pneumonia,  and  to 
justify  us  in  taking  quite  a  different  view  concerning  the  methods  that  should 
be  followed  in  attempts  to  limit  the  spread  of  the  disease.  In  a  study  of  the 
mouth  secretion  of  297  individuals  in  health  and  without  history  of  recent  con- 
tact with  a  case  of  lobar  pneumonia,  181  were  found  to  be  free  from  any  form 
of  the  pneumococcus,  while  161  showed  some  form  of  this  organism.  This  in- 
dicates that  more  than  half  of  normal  individuals,  without  recent  exposure,  are 
free  from  pneumococci.     In  the  161,  the  types  were  distributed  as  follows: 
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Type      I  —  0.8  per  cent  Type     lib —  5.8  per  cent 

Type     II  —  0.0  per  cent  Type     IIx— 11.6  per  cent 

Type     Ila—  0.8  per  cent  Type  III  —28.1  per  cent 

Type  IV  — 59.9  per  cent 

In  458  cases  of  lobar  pneumonia,  the  distribution  of  the  types  was  quite 
in  contrast  with  the  above  as  shown  by  the  following: 

Type       I  — 33.3  per  cent                                    Type  lib —  0.9  per  cent 

Type     II  — 29.3  per  cent                                    Type  IIx —  2.0  per  cent 

Type     Ila —  1.3  per  cent                                    Type  III  — 13.0  per  cent 

Type  ly  — 20.3  per  cent 

"Comparison  of.  these  two  tables  shows  that  the  pneumococci  most  com- 
monly found  in  the  mouth  secretions  of  normal  individuals  give  rise  to  a  minority 
of  the  cases  of  lobar  pneumonia.  The  disease  produced  by  these  organisms,  with 
the  exception  of  Type  III,  is  less  severe  in  character,  indicating  a  lower  grade 
of  pathogenicity  of  those  types  for  man.  On  the  other  hand.  Types  I  and  II 
cause  a  majority  of  cases  of  lobar  pneumonia,  are  of  high- virulence  for  human 
beings  and  are  seldom  or  never  found  in  the  mouth  secretions  of  normal  indi- 
viduals who  have  not  been  in  intimate  association  with  cases  of  lobar  pneumonia. 
This  seems  to  indicate  that  lobar  pneumonia  due  to  Types  I  and  II  does  not 
rise  from  infection  with  a  pneumococcus  which  is  habitually  carried  in  the  mouth, 
but  that  infection  with  these  organisms  occurs  from  without." 

Men  trained  by  Cole  and  familiar  with  his  methods  of  differentiating  the 
types  of  pneumococci  have  been  placed  in  the  laboratory  of  each  camp  in  which 
pneumonia  prevails,  and  we  may  expect  much  new  information  along  this  line. 
Cole  has  developed  a  serum  which  apparently  gives  good  results  in  those  pneu- 
monias due  to  Type  I.  This  serum  is  being  used  in  cases  shown  to  be  due  to  this 
type.  However,  we  are  at  present  more  deeply  concerned  with  the  prevention 
than  the  treatment  of  these  diseases,  and  in  our  efiforts  at  prevention  we  are 
proceeding  on  the  assumption  that  pneumonia  is  a  transmissible  disease,  and 
tliat  the  causative  agent  at  least  in  a  large  percentage  of  cases  comes  from  with- 
out. In  doing  this  the  probability  that  susceptibility  may  be  increased  by  un- 
accustomed and  untoward  conditions  of  life  must  not  be  overlooked.  Indeed, 
the  truth  of  this  is  indicated  quite  conclusively  by  observations  extending  back 
for  centuries  and  recognized  in  many  parts  of  the  world. 

We  may  laud  the  advantages  of  free  ventilation,  out-of-door  living  and 
-sleeping,  the  hardening  and  bracing  efifects  of  cold  weather,  cold  bathing,  etc.,  as 
much  as  we  please,  but  we  must  admit  that  when  men  in  masses  suddenly  change 
flieir  residence  from  warm,  unventilatcd  or  poorly  ventilated  homes,  to  the  life 
f  the  tent  and  the  open  barrack,  they  need  warmer  clothing  and  heavier  bed- 
ding, and  if  these  are  not  furnished,  pneumonia  takes  heavy  toll  from  their 
ranks.  Furthermore,  it  seems  true  that  the  more  radical  and  sudden  this  change, 
the  greater  is  the  toll.  The  Michigan  lad  may  have  his  snow  bath  or  his  plimge 
through  the  broken  ice,  and  quickly  get  back  into  his  heavy  woolens  with  im- 
punity, but  when  the  South  Carolina  youth  indulges  in  such  an  experience  and 
goes  back  into  his  cottons,  insurance  on  his  life  ceases  to  be  a  good  risk.  Tiu- 
I'rcnch  have  foimd  it  alisohitel}'  necessary  to  proxide  warnu-r  (juarlcrs  and  lu'a\ier 
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clothing  in  the  winter  for  their  African  contingents  than  is  needed  by  the  native 
Frenchmen. 

Hookworm  infection  among  the  southern  select  men  has  been  suggested  as 
an  explanation  of  the  lesser  resistance  they  show  toward  respiratory  diseases. 
It  may  be  a  fact,  but  so  far  this  has  not  been  demonstrated.  These  facts  long 
Icnown  to  medical  men  seem  to  have  been  without  the  ken  of  those  who  provided 
or  failed  to  provide  quarters  and  clothing  for  the  recent  recruits  in  the  southern 
camps.  It  is  for  the  future  to  determine  whether  the  Cracker  from  Georgia 
will  make  as  hardy  a  soldier  as  the  Wolverine  from  Michigan.  Both  bore  many 
privations  in  the  Civil  War  and  proved  themselves  worthy  antagonists. 

To  the  suggestion  that  lack  of  suitable  clothing  has  been  a  factor  in  the 
prevalence  of  pneumonia  in  the  camps,  the  reply  is  made  that  warm  garments 
in  sufficiency  are  now  in  the  camps  or  on  the  way  to  them.  To  the  man  who  died 
of  pneumonia  in  the  base  hospital  in  Fort  Worth  last  month,  last  week,  or  yes- 
terday, this  reply  is  of  small  comfort.  However,  this  is  no  time  to  look  back- 
ward, but  it  is  the  time  to  look  forward  and  to  see  that  mistakes  are  not  con- 
tinued. It  is  the  duty  of  the  medical  officer  to  protest  repeatedly  and  vigorously, 
if  necessar>%  through  official  channels,  if  those  under  his  care  suffer  from  in- 
sufficient clothing  or  bedding.  It  is  also  his  duty  to  see  not  only  that  they  have 
proper  clothing,  but  that  they  wear  it. 

That  overcrowding  favors  the  dissemination  of  pneumonia  can  not  be  ques- 
tioned. It  multiplies  the  number  of  those  within  the  infection  range,  increases 
the  contacts  and  makes  segregation  more  difficult. 

On  entering  an  amusement  or  assembly  hall  in  one  of  our  cantonments  and 
hearing  many  coughing  and  filling  the  air  with  germ-laden  spray,  one  can  not 
easily  dismiss  the  impression  that  these  places  serve  as  distributors  of  the  respira- 
tory infections.  A  like  impression  has  evidently  been  made  upon  those  in 
authority,  for  in  several  camps  places  of  assembly  have  been  closed  and  similar 
extra  cantonment  picture  shows  have  been  barred  to  the  soldier.  This  procedure 
is  regrettable  but  nevertheless  commendable.  In  the  process  of  making  soldiers, 
some  pleasures  must  be  curtailed. 

The  soldier  sick  with  pneumonia,  either  primary  or  post  measles,  should 
be  immediately  carried  to  the  base  hospital,  and,  so  far  as  protective  measures 
are  concerned,  should  be  treated  much  the  same  as  has  been  recommended  for 
those  with  measles.  Overcrowding  in  hospital  and  the  screens  between  beds 
should  be  remembered,  the  one  to  be  avoided  and  the  other  to  be  provided.  An 
individual  with  Type  I  of  the  pneumococcus  may  distribute  his  more  fatal  in- 
fection to  a  neighbor  originally  infected  with  the  less  virulent  Type  IV,  or  a 
streptococcus  infection  may  be  engrafted  on 'a  pneumococcus  growth.  The  fact 
that  empyema  frequently  develops  in  both  lobar  pneumonia  and  bronchopneu- 
monia suggests  that  the  streptococcus  is  present,  either  as  a  primary  or  second- 
ary factor.  Moreover,  in  several  hospitals  pneumonia  has  developed  in  phy- 
sicians and  other  attendants.  Whether  patients  with  pneumonia  do  better  in  a 
cold  or  in  a  warm,  moist  atmosphere  seems  to  be  an  undecided  question.  While 
this  is  being  determined,  it  is  quite  certain  that  whatever  the  temperature  of  the 
inhaled  air  may  be,  the  body  should  be  protected  from  chill.     Among  those  most 
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experienced  in  the  treatment  of  pneumonia,  the  value  of  digitaUs  seems  to  be 
conceded,  but  there  are  differences  in  opinion  as  to  the  extent  to  which  this  drug 
should  be  administered,  as  to  the  indications  for  pushing  or  decreasing  its  ad- 
ministration, and  as  to  the  preparation  of  this  drug  most  suitable. 

Inspection  of  our  camps  and  their  hospitals  leaves  one  with  the  impression 
that  so  far  as  their  medical  personnel  is  concerned,  the  greatest  need  is  for 
men  skilled  in  the  early  recognition  and  the  handling  of  the  acute  respiratory- 
diseases.  Valuable  as  improvements  in  the  determination  of  the  types  of  the 
pneumococcus  and  the  development  of  curative  serums  are,  the  prevention  of 
infection  and  the  limitation  of  its  spread  are  far  more  important.  The  daily 
mail  of  the  Surgeon-General's  office  brings  suggestions,  recipes  and  offers  to 
sell  to  the  Government  "sure  cures"  for  pneumonia.  We  can  leave  the  treat- 
ment of  this  disease  to  the  wisely  selected  medical  officers  in  the  base  hospitals. 
What  is  needed  is  knowledge  whereby  we  can  prevent  this  disease.  However, 
the  mere  possession  of  knowledge  is  of  no  value  unless  it  be  accompanied  by  the 
means  necessary  for  its  application.  Insufficient  clothing,  overcrowding  in  tents, 
barracks  and  hospitals,  and  lack  of  heat  in  the  houses,  have  been  potent  factors 
in  the  development  of  the  pneumonia  among  our  soldiers,  and  for  these  de- 
ficiencies the  medical  corps  is  not  responsible.  This  is  not  intended  as  a  criticism 
on  anyone,  nor  does  it  imply  that  the  medical  corps  would  have  done  better 
if  it  had  been  given  authority  in  all  these  matters.  It  does  mean  that  in  the 
making  of  an  army,  the  health  of  the  soldier  is  of  first  importance  and  this  can 
be  secured  only  by  the  intelligent  cooperation  of  all  those  who  are  responsible 
for  the  conditions  under  which  he  lives. 

The  Surgeon-General  has  asked : 

(1)  That  deficiencies  in  clothing  be  made  good. 

(2)  That  additional  tentage  and  housing  be  provided,  sufficient  to  give 
each  soldier  at  least  50  square  feet  of  floor  space. 

(3)  That  a  detention  camp  be  established  with  each  division,  and  in  which 
all  arrivals  may  be  kept  under  medical  observation  for  such  time  as  may  be 
necessary. 

(4)  That  a  quarantine  camp  be  established  in  connection  with  each  divi- 
sion and  in  which  contacts,  suspects,  and  carriers  can  be  isolated  and  observed. 

(5)  That,  where  necessary,  tents  or  other  housing  should  be  provided  for 
convalescents. 

(6)  That  unfinished  hospitals  be  hastened  to  completion,  including  water, 
sewers  and  baths. 

(7)  Additional  nurses,  when  necessary. 

(8)  The  enlargement  and  better  equipment  of  the  base  hospital  labora- 
tories where  desirable. 

(9)  The  selection  and  detail  of  medical  officers  specially  qualified  in  epi- 
demiology as  assistants  to  the  division  sanitary  inspector. 

(10)  Provision  for  laying  the  dust  in  certain  camps. 

(11)  Special  recommendations  indicated  by  the  local  conditions  at  certain 
lamps. 

—V.  C.  V. 


The  Use  of  Atropine  as  a  Diagnostic  Agent  in  Typhoid  Infections 

THE  British  Medical  Research  Committee  has  issued  a  monograith  on  this 
subject  prepared  by  Captain  Marris.  The  production  of  immunity  to  the 
typhoid  infections  by  triple  inoculation,  now  compulsory  in  all  armies  and  largely 
practiced  in  civilian  life,  has  not  been  altogether  an  unmixed  blessing,  brilliant  as 
the  results  have  been.  The  immunity  attained  is  only  relative  and  temporary,  and, 
when  infection  occurs  among  the  vaccinated,  the  diagnostic  difficulties  are  greatly 
increased.  The  symptoms  are  generally  mild  and  are  often  wanting  in  those 
featvu^es  which  characterize  typhoid  infections  in  the  unvaccinated.  It  is  true 
that  a  positive  diagnosis  may  be  made  when  the  isolation  and  identification  of  the 
infecting  bacillus  is  possible,  btit  reliance  upon  agglutination  tests  is  not  safe. 

'"The  atropine  test  due  to  Captain  Alarris,  and  now  to  be  described,  comes, 
therefore,  at  a  most  opportune  time,  when  every  additional  aid  to  the  diagnosis 
of  this  group  of  cases  is  to  be  welcomed.  It  will  be  seen  that  it  has  both  advantages 
and  disadvantages.  Its  advantages  are  its  great  simplicity,  for  the  test  can  be 
performed  at  the  bedside  by  an  intelligent  nurse,  and  the  fact  that  it  can  be 
effectively  applied  earlier  in  the  course  of  the  fever  than  the  aggkitination  test. 
A  disadv^antage  is  that  it  does  not  discriminate  between  the  three  types  of  infec- 
tion, those  due  to  B.  typhosus  and  paratyphosus  A  and  B  respectively." 

It  is  to  be  noted  that  these  tests  were  applied  to  young  soldiers  and  during  the 
period  between  the  fifth  and  fourteenth  days  of  the  disease.  There  seems  no 
reason  why  the  observations  should  not  hold  equally  good  in  civilian  practice. 
They  have,  however,  a  scientific,  as  well  as  a  practical,  interest.  The  results 
appear  to  be  due  to  the  antagonistic  action  between  the  alkaloid  and  the  chemical 
poison  developed  in  the  course  of  typhoid  infection. 

"\Mien  the  human  body  is  so  infested  by  bacilli  of  the  typhoid  group  as  to 
exhibit  typhoid,  paratyphoid  A,  or  paratyphoid  B  fever,  a  toxin  is  formed  which 
affects  the  heart  in  a  peculiar  manner ;  the  presence  of  this  toxin  can  be  detected 
by  observing  the  abnormal  yet  characteristic  reaction  of  such  hearts  to  certain 
drugs,  notably  atropine." 

The  principle  of  the  test  seems  to  depend  upon  the  following  known  facts : 

1.  Under  ordinary  conditions  the  administration  of  atropine  markedly  in- 
creases the  rate  of  heart  beat. 

2.  Bradycardia  is  generally  observed  in  typhoid  infection. 

3.  In  this  infection  the  administration  of  atropine  fails  to  increase  the  heart 
beats  proportionately  to  the  increase  observed  in  health  or  in  other  diseases. 

The  application  of  the  test  is  as  follows : 

"The  patient  lies  horizontally  and  is  instructed' to  remain  completely  at  rest 
throughout  this  test,  which  is  not  employed  until  at  least  one  hour  has  elapsed 
from  the  last  meal.  The  pulse  rate  is  counted,  minute  by  minute,  until  it  is  found 
to  be  steady ;  ten  minutes  of  such  counting  usually  suffices.  Atropine  sulphate  is 
then  injected  hypodermically  in  the  dose  of  ^3  grain,  preferably  over  the  triceps 
region  to  insure  rapid  absorption.    An  interval  of  25  minutes  is  allowed  to  elapse, 
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and  the  pulse  is  again  counted,  minute  by  minute,  until  it  is  clear  that  any  rise 
which  may  follow  the  injection  has  passed  off;  15  or  20  minutes  may  be  neces- 
sary for  this  purpose  when  the  pulse  rate  is  raised  at  the  first  count." 

For  instance,  the  average  before  the  injection  is  68  and  that  after  the  injec- 
tion is  94,  giving  a  difference  of  26  beats.  In  this  case  the  conclusion  is  reached 
that  the  infection  is  not  typhoid.  When  the  increase  is  not  greater  than  14  beats, 
typhoid  infection  is  indicated.  In  the  first  instance  the  reaction  is  said  to  be 
negative,  and  in  the  second,  positive.  Experience  fixes  the  upper  limit  of  a  posi- 
tive reaction  at  14  beats  per  minute  and  the  lower  limit  of  a  negative  reaction  at 
15  beats  per  minute. 

"If  the  patient  is  admitted  during  the  first  fortnight  of  his  illness,  the  test  is 
applied  as  soon  as  possible  after  admission  and  is  charted  with  the  temperature. 
When  a  positive  reaction  (little  or  no  response  to  atropine)  is  obtained,  the  diag- 
nosis of  infection  with  a  member  of  the  enteric  group  of  organisms  may  be  made. 
In  the  case  of  a  negative  reaction,  the  test  should  be  repeated  after  two  or  three 
days,  and,  if  again  negative,  it  is  again  repeated.  Three  negative  reactions  falling 
within  the  first  fortnight  of  the  illness  exclude  the  presence  of  typhoid  with  a  con- 
siderable degree  of  certainty;  there  are  rare  exceptions  and  in  these  a  continuation 
of  the  test  is  usually  suggested  by  the  symptoms  and  remaining  clinical  signs." 

True  cases  of  typhoid  group  which  are  admitted  after  the  fourteenth  day 
frequently  yield  positive  reactions,  but  negative  reactions  after  this  period  of 
illness  are  often  unreliable. 

The  effect  of  ^^3  of  a  grain  of  atropine  sulphate  in  the  normal  individual  is 
as  follows : 

A  slight  and  short  fall  in  pulse  rate  is  usually  seen,  and  this  is  followed  by  a 
steep  rise  within  ten  minutes  of  the  injection;  the  rise  is  constant,  and  is  rarely 
less  than  20  beats,  and  is  frequently  as  much  as  30  beats  per  minute  in  extent.  It 
reaches  its  maximum  at  about  30  minutes,  is  maintained  for  varying  periods,  and 
then  gradually  subsides,  reaching  normal  after  an  hour  or  more.  Dryness  of  the 
mouth  occurs  soon  after  the  injection.  Dilatation  of  the  pupil  does  not  always 
appear  but  usually  occurs  after  the  lapse  of  an  hour  or  more.  A  rise  of  blood 
pressure  may  be  present,  but  is  insignificant,  being  usually  no  greater  than  5  or  6 
mm.  of  mercury. 

It  may  be  desirable  to  report  that  this  test  has  so  far  been  used  solely  on 
soldiers  who  have  previously  been  inoculated,  and  in  whom  tyi)hoid  is  modified. 
As  a  rule  the  course  of  this  modified  typhoid  is  mild,  the  death  rate  not  being 
more  than  2  per  cent.    Of  the  symptoms  the  author  writes : 

"The  patients  are  listless;  there  is  mental  hebetude;  but  delirium  and  the 

typhoid  state'  are  rare.     The  face  is  flushed,  the  conjunctiva  conjestcd.  and  the 

[1    expression  one  of  fatigue.    The  tongue  is  moist  and  often  furred,  but  its  appear- 

^    ance  can  not  be  regarded  as  characteristic.     The  pulse  is  slow,  soft,  but  of  fair 

volume;  it  is  not  often  dicrotic.     The  heart's  apex  beat  is  ill  defined  or  absent; 

the  sounds  are  clear,  but  distant.    The  abdomen  is  tumid  or  doughy  and  usualh'  a 

little  tender,  especially  in  the  left  hypochondrium.     The  s[)leen  may  or  may  not 

'    be  palpable.    The  eru])tion  is  infre(|uent,  hut  it  may  be  seen  as  isolated  rose  spots 

'     or  rarely  as  a  rash  of  protean  iMinracler.     Tlic  abdomin.'il   rcllrxcs  are  generally 
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absent.  Over  the  lungs  moist  sounds  are  frequent;  signs  of  some  consolidation, 
more  often  at  the  right  base  than  the  left,  are  not  infrequent.  The  temperature 
may  vary  considerably,  the  course  may  be  afebrile  from  admission,  or  from  a  day 
or  two  subsequent  to  admission ;  in  some  cases  the  curve  falls  abruptly  to  normal 
within  a  few  days  of  admission  and  remains  there,  a  type  which  is  especially 
frequent  when  there  have  been  signs  of  consolidation  of  the  lungs.  It  may  fall  by 
lysis,  ending  relatively  early  at  or  about  the  tenth  or  fourteenth  day  of  the  disease. 
Spiky  charts  with  evening  rise  and  irregular  charts  resembling  those  of  trench 
fever  are  not  uncommon.     Relapses  and  complications  are  comparatively  rare." 

In  111  cases  in  which  the  diagnosis  was  determined  by  blood  cultures  the 
atropine  test  was  reliable  in  98  per  cent.  The  average  pulse  rise  in  these  cases  was 
6.6  beats  per  minute.  In  247  cases,  diagnosed  as  typhoid  infection  by  agglutination 
test,  the  atropine  test  was  positive  in  222. 

The  atropine  test  proved  positive  in  a  few  individuals  within  from  one  to 
three  days  after  typhoid  inoculation. 

The  author  attributes  the  atropine  test  to  antagonistic  action  between  this 
alkaloid  and  the  typhoid  poison  on  the  inhibitory  mechanism  of  the  heart.  There 
is  no  systemic  antidotal  value  in  atropine  in  typhoid  fever  and  this  drug  is  of  no 
value  in  the  treatment  of  the  disease. 

—V.  C.  V. 
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IXTRODUCTION 


LA.TE  in  April,  1917,  at  the  suggestion  of  A.  D.  Hirschfelder  and  with  the 
-^  approval  of  the  local  branch  of  the  National  Research  Council,  I  under- 
took a  study  of  the  methods  of  control  of  the  clothes  louse. t  Peacock^  has  very 
clearly  defined  the  problem,  and  from  his  description  of  conditions,  there  appear 
four  possible  methods  which  might  be  adopted  for  the  destruction  of  the  lice. 
These  may  be  briefly  summarized  as;  first,  the  destruction  of  the  lice  by  the 
vapor  of  a  volatile  organic  compound  worn  by  the  soldier  as  a  sachet ;  second, 
the  use  of  louse  powders;  third,  impregnation  of  the  underwear  with  an  insec- 
ticide ;  fourth,  the  destruction  by  heat  or  fumigation  of  both  lice  and  eggs  in  the 
garments,  while  the  soldier  is  bathing. 

DESTRUCTION    BY   MEANS    OF    SACHETS 

Naphthalene,'-  camphor,'  sul[)hur,'  paradichlorbcnzenc/'  and  xarious  other 
chemicals''  have  been  recommended  to  be  worn  in  small  bags  about  the  neck  or 
the  waist  of  the  soldier.  The  principle  of  the  sachet  is  the  production  of  a 
poisonous  vapor  or  gas  in  the  space  between  the  body  of  the  soldier  and  his  outer 
garments.  Actual  trials,  of  these  and  many  other  chemicals  of  about  the  same 
volatility,  in  our  experiments  show  that  lice  will  continue  to  live  under  such 
conditions  and  will  even  lay  eggs.  In  some  other  iiucstigalions''  "^  I  ha\e  shown 
that  the  toxicitv  oi  volatile  organic  compounds  to  insects  increases  ;'.s  the  Ixiiling 


*rul)lislic(l,   willi   tlic  approval  of  lliu    Dircitof,  as    I'ainr   No.    1(»5   of   the  journal    Scries   of  tlic   .Mil 
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point  rises  and  the  volatility  decreases.  Compounds  with  a  boiling  point  higher 
than  225°  C.  in  general  are  so  slightly  volatile  that  not  sufficient  vapor  is  pro- 
duced to  kill  the  insects  within  a  reasonable  period  of  time.  Theoretically,  there- 
fore, such  compounds  as  naphthalene,  camphor,  and  paradichlorbenzene  should 
be  the  best  insecticides  for  use  in  the  destruction  of  lice.  The  failure  of  these 
compounds  must,  therefore,  be  due  either  to  the  lack  of  dififusion  or  the  rapidity 
with  which  the  vapor  escapes.  In  large  glass  containers  where  there  is  no 
opportunity  of  escape,  the  vapor  diffuses  in  a  few  hours  sufficiently  to  kill  lice 
in  all  parts  of  the  flask.  It  appears,  therefore,  that  the  ineffectiveness  of  these 
compounds  must  be  due  to  the  rapidity  with  which  their  vapors  escape  through 
the  clothing.  The  following  experiments  were  conducted  to  determine  the  ac- 
curacy of  this  point. 

Five-gram  lots  of  the  compounds  to  be  tested  were  weighed  out  in  watch 
glasses  and  placed  in  wide-mouthed  jars  lying  on  their  sides.  The  openings  of 
the  jars  were  covered  with  difli^erent  types  of  cotton,  wool,  and  silk  underwear, 
woolen  and  khaki  clothes,  and  combinations  of  these  to  as  many  as  three  or 
four  thicknesses.  A  control  jar  was  left  open  while  another  control  was  closed 
with  a  glass  top.  From  a  comparison  of  the  amount  of  evaporation  from  these 
jars,  it  is  possible  to  arrive  at  an  estimation  of  the  amount  of  diffusion  through 
the  different  types  of  clothing.  In  the  case  of  the  jar  closed  with  a  glass  top,  the 
air  soon  became  saturated  with  the  vapor  after  which  no  further  evaporation  oc- 
curred. This  amount  was  so  small  in  the  case  of  camphor,  naphthalene,  and 
paradichlorbenzene,  that  no  difference  in  weight  could  be  detected  in  the  com- 

Table  I 
Evaporation  of  Volatile  Compounds  from  Jars  Closed  with  Different  Kinds  of  Cloth 

naphthalene 

Check,  1007o 

Light  cotton  g:auze  underwear,  66% 

Medium  cotton  and  wool  underwear,  88% 

Medium  cotton  underwear,  66% 

Medium  silk  and  cotton  underwear,  66% 

Medium  silk  underwear,  88% 

Heavy  cotton   fleece-lined   underwear,  88% 

Heavy  cotton  and  wool  underwear.  85% 

Blue  flannel,  11% 

Double  blue  flannel,  44% 

Muslin  underwear,  woolen   shirt,  khaki   coat,  .S0% 

PARADICHLORBENZENE 

Check,  ^  100%, 

Medium  wool  and  cotton  underwear,  62% 

Fleece-lined  cotton  underwear,  55% 

Light  cotton  gauze  underwear,  60% 

XYLENE 
Check,  100% 
Fleece-lined  cotton  underwear.  46% 
Light  gauze  cotton  underwear,  50% 
Medium  silk  underwear,  50% 
Medium  wool  and  cotton  underwear,  42% 
Heavy  cotton  underwear,  46% 
Muslin  underwear,  woolen   shirt,  khaki   coat            43% 
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jjound.  Evaporation  from  the  open  jar  was  considered  as  100  per  cent  and  on 
this  basis  is  was  found  that  naphthalene  diffusing  through  different  types  of 
clothing  varied  from  44  to  88  per  cent,  and  paradichlorbenzene,  from  55  to  62 
per  cent  (see  Table  I). 

From  these  results  it  is  apparent  that  not  more  than  15  to  50  per  cent  of  a 
saturated  atmosphere  of  these  compounds  could  be  retained  under  the  soldier's 
uniform ;  or,  in  other  words,  the  vapor  escapes  the  clothing  almost  as  rapidly 
as  the  compound  evaporates.  Such  a  low  percentage  of  saturation  is  not  suffi- 
ciently high  to  result  in  effective  control  of  the  lice.  Similar  experiments  con- 
ducted with  a  more  volatile  compound  such  as  xylene  mixed  with  fuller's  earth 
showed  a  leakage  of  from  40  to  45  per  cent.  Fifty  per  cent  of  a  saturated 
atmosphere  of  xylene  could  thus  be  maintained,  and  this  quantity  is  sufficient 
to  produce  the  death  of  lice.  In  actual  experience,  where  the  lice  were  not 
confined  in  a  vial,  it  was  found  that  they  were  merely  stupified  and  lodged  in 
the  lower  portions  of  the  trouser  legs,  where,  not  sufficient  vapor  being  present, 
they  revived.  To  overcome  this  difficulty  sachets  might  be  attached  about  the 
knees  on  both  legs,  but  when  the  large  quantity  of  xylene  which  is  necessary  to 
maintain  the  desired  degree  of  saturation  is  considered,  it  is  at  once  apparent 
that  such  treatment  is  eliminated  by  its  expense. 

As  a  summary  of  the  results  of  the  work  with  sachets,  it  might  be  stated 
that  compounds  such  as  naphthalene,  camphor,  or  paradichlorbenzene  do  not 
volatilize  rapidly  enough  to  make  good  the  loss  incurred  by  leakage  through  the 
clothing.  Compounds  with  lower  boiling  points  such  as  xylene  mixed  with 
fuller's  earth  might  be  used  successfully  as  sachets,  but  the  expense  of  treat- 
ment is  prohibitive. 

LOUSE   POWDERS 

The  most  successful  louse  powders  in  use  at  the  present  time  contain  naph- 
thalene, and  the  most  favored  on  the  Western  front  seem  to  be  NCP  powder 
made  of  naphthalene,  96  per  cent ;  creosote,  2  per  cent ;  iodoform,  2  per  cent. 
The  chief  objections  to  this  powder  are  :'^  first,  that  it  is  moist,  and  hence  diffi- 
cult to  dust  through  the  clothing,  and,  second,  it  is  inclined  to  burn  the  skin 
particularly  in  the  fork  of  the  legs. 

In  the  studies  of  Kinlock^  and  in  my  own  work  it  was  found  that  the  com- 
bined powder  was  more  toxic  to  the  lice  than  any  one  of  its  constituents.  Ex- 
periments show  that  a  saturated  solution  of  naphthalene  in  creosote  was  more 
toxic  than  creosote  alone.  The  same  is  true  of  a  saturated  solution  of  iodoform 
in  creosote.  Creosote  saturated  with  both  iodoform  and  naphthalene  is  more 
toxic  than  creosote  alone,  but  not  as  toxic  as  either  creosote-naphthalene,  or 
creosote-iodoform.  Just  as  in  fractional  distillation,  the  lower  fraction  of  the 
liquid,  carries  over  with  it  small  quantities  of  the  higher  boiling  liquid,  so  in 
evaporating,  the  creosote  carries  over  portions  of  the  naphthalene  or  iodoform. 
This  fact  appears  to  be  the  underlNiiiL;-  i)rinciplc  which  goNorns  the  toxicity  of 
the  NCI  powder. 

One  cubic  centimeter  of  creosote  in  exaporaling  will  never  carry  more  than 
one-half  gram  of  naphthalene  or  one-fourth  gram  of  iodoform,  hence  there  is 
at  least  95  per  cent  mf)re  naphthalene  in  the  .\^CI  niixlinx'  than  is  re(|uire(l.     In 
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the  experiments  where  talc  was  substituted  for  a  large  part  of  the  naphthalene, 
a  dry  powder,  easy  to  dust  through  the  clothing  was  obtained,  which  powder 
retained  its  dryness  even  when  a  much  larger  percentage  of  creosote  was  added. 
Using  talc  as  a  basis,  a  number  of  new  powders  were  made  up  containing 
creosote  or  a  liquid  of  about  the   same  volatility  and   a   slightly  volatile   solid. 


Table  II 


COMPOSITION    OF    POWDERS 


PER   CENT    KILLED    IN 


5  MIN.     10  MIN.   20  MIX.ISO  MIN. 


iodo- 


XCI  (naphthalene  96%,  creosote  2%,  iodoform  27c) 
Talc  20  grams,  naphthalene  1/2  gram,  creosote  1    c.c  . 

form  1/2  gram 
Talc  20  grams,  creosote,  1  c.c. 

Talc  20  grams,  creosote  1  c.c,  naplithalene  Yz  gram 
Talc  20  grams,  creosote  1  c.c,  iodoform  Vz  gram 
Talc  20  grams,  creosote  Yi  c.c,  oil  of  sassafras  Y2  c.c 
Talc  20  grams,  creosote  Y2  c.c,  amyl  alcohol,  Y^  c.c 
Talc  20  grams,  creosote  Y2  c.c,  methyl   salicylate   Y2    c.c 
Talc  20  grams,  creosote  Y2  c.c,  carbolineum  Y2  c.c 
Talc  20  grams,  creosote  Y2  c.c,  crude  phenol  Y2  c.c  66 

Talc  20  grams,  creosote  1  c.c,  chloretone  Y2  gram 
Talc  20  grams,  methyl  salicylate  1  c.c,  chloretone  y. 
Talc  20  grams,  creosote   1  c.c,  alpha-naphtylamine  I 
Talc  20  grams,  methyl   salicylate    1   c.c,   alpha-naphtylamine 

Y2  gram 
Talc  20  grams,  creosote  1  c.c,  paranitrophenol  Y2  gram 
Talc  20  grams,  methyl  salicylate  1    c.c,    paranitrophenol    Y2 

gram 
Talc  20  grams,  methyl  salicylate  1  c.c. 
Talc  20  grams,  methyl  salicylate  1  c.c. 
Talc  20  grams,  methyl  salicylate  1  c.c. 
Talc  20  grams,  methyl  salicylate  1  c.c, 

ride  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  ortho 

benzene,  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  picric  acid  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  alpha-naphthol  ^.gram 
Talc  20  grams,  creosote  1  c.c,  beta-naphthol,  Y  gram 
Talc  20  grams,  creosote  1  c.c,  paradibrombenzene    Y2    gram 
Talc  20  grams,  creosote  1  c.c,  menthol  Y2  gram 
Talc  20  grams,  creosote  1  c.c,    monochloracetic    acid    Y2 

gram 
Talc  20  grams,  creosote  1  c.c,  chloranil  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  sulphur  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  cum.arin  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  camphor  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  isoborneol  Y2  gram 
Talc  20  grams,  creosote  1  c.c,  monobromated   camphor    Y2 

gram 
Talc  20  grams,  crude  phenol  1  c.c,  naphthalene  Y2  gram 
Talc  20  grams,  crude  phenol  Y2  c.c,  creosote   Y2   c.c,  naph-| 

thalene  Y2  gram 
Talc  20  grams,  creosote  1  c.c,   naphthalene   and    sulphur   to| 

saturation  33 

Talc  20  grams,  creosote  1  c.c,  sulphur   to    saturatiDu  66 


gram 
gram 


iodoform  Y2  gram 
naphthalene  Y2  gram 
quinone  Y2  gram 
paranitrobcnzylchlo- 

and     parachlornitro- 


66 
0 


100 
?>2> 


33 


100 


66 

100 
100 


66 

66 

0 

100 

100 

0 

0 

0 

100 

100 

0 

66 

33 
100 

66 

0 

0 

100 

33 


66 

100 
0 

66 

100 

66 

100 

66 

100 

100 
66 

100 

100 

100 
0 

100 

100 

100 

66 

100 

0 

100 

100 

66 

100 

100 

66 

100 
0 

100 

100 

100 
100 
100 
100 

0 
100 
100 

0 

100 


A  small  piece  of  cloth  bearing  the  lice  was  placed  on  a  small  glass  plate  and 
then  covered  over  with  a  piece  of  underwear  dusted  with  the  powder  to  be 
tested.  Comparative  tests  between  lice  treated  on  the  arm  and  on  the  glass 
plate  showed  no  difference  in  the  period  of  time  required  to  kill  them.  Results 
of  these  experiments  are  tabulated  in  Table  II. 


METHODS    OF    CONTROL    OF    THE    CLOTHES    LOUSE  265 

Liquids  less  volatile  or  more  volatile  than  creosote  are  not  as  successful. 
Methyl  salicylate  and  crude  phenol  are  probably  the  best  substitutes,  but  not 
quite  as  good.  Xo  advantage  was  noted  in  the  use  of  a  compound  which  readily 
sublimes  such  as  iodoform,  chloranil,  and  quinone.  Considered  from  the  stand- 
point of  irritation  to  the  skin,  ease  of  dusting  through  the  clothing,  effectiveness, 
and  expense,  the  powder  recommended  consists  of  creosote  1  ex.,  sulphur  ^/^ 
gram,  and  talc  20  grams.  This  powder  could  be  made  up  for  from  5  to  10 
cents  a  pound  and  will  kill  100  per  cent  of  the  lice  in  5  minutes.  A  few  lice 
may  show  signs  of  life  at  the  end  of  five  minutes,  but  will  later  die  even  though 
removed  from  the  powder. 

Two  points  may  be  mentioned  concerning  the  use  of  powders  to  destroy 
the  lice.  The  soldier  in  general  objects  to  insect  powders,  since  effective  powders 
are  inclined  to  produce  irritation,  particularly  when  the  soldier  is  perspired, 
while  powders  which  do  not  burn  are  of  no  value.  The  second  point  is  the 
enormous  quantity  of  powder  which  would  be  necessary  to  effectively  treat 
the  great  numbers  of  men  at  the  front.  Using  two  ounces  of  powder  every 
day  or  two,  which  quantity  would  be  necessary  for  a  thorough  job,  would 
mean  1250  pounds  to  each  division  of  ten  thousand  men.  The  use  of  a  powder 
can  only  be  considered  as  a  supplementary  control  measure. 

IMPREGNATION    OF    UNDERWEAR 

Impregnation  of  the  underwear  with  active  volatile  organic  compounds 
would,  if  the  amount  of  the  chemical  were  large,  result  in  considerable  irrita- 
tion of  the  skin,  greater  in  fact,  than  that  accompanying  the  use  of  louse  pow- 
ders, while  smaller  quantities  would  soon  evaporate  and  be  ineffective.  It 
might  be  noted  that  a  number  of  essential  oils  have  been  vised  with  greater  or 
less  success. ^°'  "'  ^--  ^^  The  more  volatile  essential  oils  are  liable  to  cause  con- 
siderable burning  of  the  skin  while  the  less  volatile  essential  oils  ha\"e  but 
slight  advantage  over  the  fixed  vegetable  oils.  Slightly  volatile  mineral,  vege- 
table and  animal  oils  were  studied.  The  lice  are  inclined  to  leave  cloth  im- 
pregnated with  these  oils,  but  if  forced  to  remain  on  them  they  will  die. 

Olive  oil  killed  507r  in  4  days. 
Cedar  oil  killed  1007^  in  20  hours. 
Castor  oil  killed  ICO^r  in  92  hours. 
Cod-liver  oil  killed  100%  in  68  hours. 
Paraffin  oil  killed  lOO^r  in  68  hours. 
Liquid  petrolatum  killed  100%  in  20  hours. 
Rape-seed  oil  killed  100%  in  44  hours. 
Neat's- foot  oil  killed  50%  in  six  days. 
Lard  oil  killed  100%^  in  116  hours. 
Cotton  seed  oil  killed  50%  in  4  days. 
Commercial  oleic  acid  killed  100%  in  20  hours. 
Raw  linseed  oil  killed  100%  in  63  hours. 
Boiled  linseed  oil  killed  100%  in  63  hours. 
Whale  oil  killed  100%^  in  63  hours. 
"Fish  oil  killed   100%  in  15  hours. 
PoruHil   nil  killed    1009?.  in  39  hours. 

From  an  insecticide  slandpoinl  llic  results  arc  not  \er\-  faxnralile  ahhough 
all   the  nils   were   used   without    (li]uti(»n.     (  )ils   might    be   u-^ed    as    rc]ic']lanls  but 
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underwear  thus  treated  is  oily  or  greasy  and  loses  its  absorption  properties. 
The  value,  therefore,  of  impregnating  the  underwear  with  slightly  volatile  oils 
is  questionable. 

An  arrangement  by  which  the  soldier  would  wear  outside  of  his  underwear 
a  cheesecloth  pajama  suit  impregnated  with  a  volatile  organic  compound  might 
be  feasible.  For  this  purpose  a  liquid^*  has  the  advantage  over  a  solid  which 
would  require  a  solvent  in  its  application  and  would  make  the  cloth  stiff  and 
harsh.  Cheesecloth  dipped  in  a  saturated  solution  of  sulphur  in  creosote  and 
wrung  out  nearh'  dry  is  successful.  The  vapor  from  the  impregnated  cheese- 
cloth penetrates  through  the  underwear  and  kills  the  lice  in  from  twenty  to 
thirty  minutes.  Suits  could  be  made  here  and  dipped  near  the  front.  Compara- 
tively little  of  the  solution  would  be  used  if  the  suits,  after  dipping,  were  passed 
through  a  strong  wringer.  Such  suits  could  be  redipped  and  would  be  as  valu- 
able as  a  louse  powder  without  as  much  waste  of  material  and  without  the 
danger  of  skin  irritation. 

FUMIGATION 

Heat  has  been  used  to  a  large  extent  in  destroying  lice  and  eggs  in  the  cloth- 
ing, while  the  soldier  is  taking  a  bath.^^'  ^^'  ^"  Dry  heat  must  be  carefully  watched 
and  regulated  to  prevent  scorching  of  the  clothing. 

140°  C.  of  dry  heat  kills  lice  and  eggs  in  about  30  minutes. 
160°  C.  of  dry  heat  kills  lice  and  eggs  in  about  10  to  15  minutes. 

In  practice  it  is  difficult  to  reach  so  high  a  temperature  and  maintain  it 
with  a  large  quantity  of  clothing.  The  time  available  for  the  work  is  usually 
stated  as  about  15  to  20  minutes.  Steam  leaves  the  garments  wet  at  the  close 
of  the  treatment  and  is  apt  to  ruin  leather.  Carbon  bisulphide,  ammonia,  sul- 
phur dioxide^**'  ^^'  -°  and  hydrocyanic  acid  are  not  able  to  penetrate  all  parts  of 
the  clothing  in  the  short  period  allowed,  while  formaldehyde  is  but  slightly  toxic 
to  insects.  As  previously  stated,  the  volatile  organic  compounds  with  the  lower 
boiling  points  are  the  least  toxic. '^'  ®  One  chemical,  however,  is  a  notable  ex- 
ception. Chlorpicrin  or  nitrochloroform  (CClg.NO.)  although  quite  volatile, 
is  very  toxic.  It  also  has  great  penetration.  Experiments  conducted  wdth  this 
■chemical  have  shown  that  clothing  can  be  piled  into  a  galvanized  iron  ash  tin, 
sprinkling  chlorpicrin  through  them  at  the  rate  of  4  c.c.  to  the  cubic  foot  and 
in  fifteen  minutes  all  lice  will  be  dead,  while  a  half  hour's  fumigation  is  suffi- 
cient to  kill  eggs  in  all  stages  of  development.  In  order  to  kill  the  eggs  by 
fumigation  in  thirty  minutes,  a  small  amount  of  heat  is  necessary  to  hasten  the 
evaporation  of  the  chlorpicrin.  To  each  cubic  foot  of  space  one  liter  flask 
filled  with  water  heated  to  80°  C.  w^as  used  in  the  experiments.  A  twenty- 
minute  fumigation  will  destroy  a  large  number  of  the  eggs,  particularly  the 
youngest  and  oldest. 

In  actual  practice  the  outer  garments  of  the  men  can  be  fumigated  while 
they  are  bathing.  Ash  tins,  or  perhaps  better,  a  collapsible  metal  box  such  as 
is  used  on  the  Italian  front  for  fumigation-^'  --  could  be  used  as  a  container. 
Heated  stones  placed  in  the  fumigation  box  or  even  a  heated  fumigation  cham- 
ber might  be  used.  By  increasing  the  heat,  the  period  necessary  to  kill  the  eggs 
•could  be  reduced  to  fifteen  minutes.     One  to  two  uniforms  may  be  packed  in 
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each  cubic  foot  and  the  vapor  will  still  be  able  to  penetrate.  Arrangements  for 
opening  the  box  outside  would  be  necessary  due  to  the  irritation  of  the  chem- 
ical to  the  eyes,  nose,  and  throat.  The  operator  could  wear  a  gas  mask  when 
opening  the  fumigation  box  and  airing  the  clothing.  Airing  for  three  minutes 
in  the  open  is  sufficient  to  remove  the  vapor  from  the  clothing. 

By  a  well  organized  system  of  allowing  the  soldier  a  bath  every  week  or 
two,  at  which  time  they  would  receive  clean  underwear  and  shirts,  while  their 
outer  garments  were  fumigated,  together  with  the  use  of  impregnated  suits^ 
or  a  good  louse  powder  as  a  supplementary  measure  to  prevent  reinfestation, 
it  should  be  possible  to  rid  the  men  of  Hce.  The  destruction  of  the  lice  and 
eggs  in  the  dirty  garments  could  be  accomplished  by  washing  and  soaking  irt 
a  water  containing  a  good  insecticide.-^-  -*-  -" 

In  conclusion  it  might  be  noted  that  the  object  of  this  paper  is  to  give 
certain  facts  which  have  been  ascertained  concerning  the  toxicity  of  various 
chemicals  to  lice.  Although  several  methods  of  destroying  lice  have  been 
pointed  out,  they  shovild  not  be  considered  as  the  solution  of  the  louse  problem. 
The  real  solution  of  the  problem  will  rest  in  the  practical  application  of  such 
principles  as  are  determined  in  the  laboratory,  and  the  success  of  the  appli- 
cation will  depend  upon  the  thoroughness  of  the  organization  developed  for 
carrying  out  the  work. 

SUMMARY 

Sachets  are  not  successful. 

Talc  20  grams,  creosote  1  c.c,  sulphur  ^  gram  is  six  times  as  effective 
a  louse  powder  as  NCI,  causing  less  irritation  to  the  skin  and,  being  dry,  is 
easier  to  apply. 

Impregnation  of  the  underwear  does  not  appear  promising,  but  a  cheese- 
cloth suit  impregnated  with  saturated  solution  of  sulphur  in  creosote  could  be 
successfully  worn  outside  the  underwear. 

Chlorpicrin  can  be  used  as  a  fumigant,  penetrating  the  clothing  and  killing 
the  lice  in  all  parts  of  the  clothing  in  fifteen  minutes  and  the  eggs  is  thirty  min- 
utes. By  increasing  the  heat  in  the  fumigation  chamber,  the  time  required  tO' 
kill  the  eggs  could  be  reduced. 
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THE  ETIOLOGY  OF  SCARLET  FEVER* 


L  A  Study  of  Organisms  Found  in  the  Blood  of  Scarlet  Fever  Patients 
By  R.  W.  Fryer,  D.P.H.,  and  J.  B.  Keley,  M.S.,  Detroit,  Mich. 


THE  city  of  Detroit,  as  well  as  many  other  cities  of  the  central  portion  of  the 
United  States,  had  an  unusually  high  number  of  scarlet  fever  cases  during 
the  latter  part  of  the  winter  and  early  spring  of  this  year. 

At  one  time  there  were  1385  cases  under  quarantine  in  Detroit.  The  popu- 
lation of  Detroit,  according  to  the  United  States  census  method  of  estimation, 
is  571,784.  However,  there  is  no  doubt  that  the  true  population  of  the  city  is  in 
the  neighborhood  of  750,000.  Even  this  figure  shows  a  tremendously  high  case 
rate  per  thousand  of  population. 

No  one  organism  has  been  accepted  as  the  cause  of  scarlet  fever,  although 
a  vast  amount  of  work  has  been  done  on  this  disease  and  many  suppositions 
advanced  as  to  the  infective  agent. 

Chief  among  these  is  the  theory  that  the  causative  organism  is  a  streptococ- 
cus. This  theory  is  based  largely  on  the  fact  that  members  of  this  family  are 
usually  found  present  in  the  throat  of  scarlet  fever  patients.  However,  it  has 
not  been  definitely  proved  that  streptococci  are  the  cause  of  the  disease. 

Other  workers  have  claimed  that  a  protozoon  is  the  infective  agent.  Still 
others  have  thought  that  the  organism  causing  the  disease  is  a  virus  of  the 
filterable  type,  but  again  definite  proof  is  lacking. 

An  Engiisli  worker"  has  carried  out  an  extended  piece  of  work  which  leads 
him  to  conclude  that  a  diplococcus  is  the  infecting  organism  in  scarlet  fever; 
but  we  are  of  the  opinion  that  he  has  not  entirely  differentiated  between  what  he 
calls  the  diplococcus  scarlatinae  and  the  pneumococcus. 

More  recently  Mallony  and  Medlar'^  have  reported  the  results  of  an  investi- 
gation on  scarlet  fever  and  describe  a  bacillus  as  being  the  infective  agent. 
They  give  to  this  organism  the  name  bacillus  scarlatinse. 

The  first  part  of  this  paper  deals  with  only  one  of  several  organisms  that 
we  have  isolated  from  the  blood  of  scarlet  fever  jiatients.  We  are  doul)tful 
about  this  organism  having  anything  to  do  with  the  disease,  but  are  reporting 
it  in  detail  in  order  to  show  the  presence  of  organisms  of  the  diphtheroid  group 
in  the  blood  of  scarlet  fever  patients,  of  normal  individuals,  and  of  persons  sick 
with  various  diseases. 

Since  there  was  an  abundance  of  clinical  material  for  our  purpose,  we  have 
worked  only  with  the  blood  of  cases  which  showed  typical  symptoms  of  this 
disease,  and  the  cases  reported  here  were  bled  during  the  period  in  which  there 
was  a  marked  rash. 

These  cases  were  diagnosed'  scarlet   fever  by  llu-   attending  ])hysician   and 
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the  diagnosis  concurred  in  by  Dr.  Ostrander,  resident  physician  at  the  Detroit 
Municipal  Hospital. 

METHOD  OF  BLEEDING 

Patients  were  bled  from  one  of  the  veins  at  the  bend  of  the  elbow  by 
means  of  a  sterile  Luer  syringe,  6  to  8  c.c.  of  blood  being  withdrawn.  The 
skin  over  the  area  of  puncture  was  treated  in  one  of  three  ways : 

1.  Scrubbed  with  strong  soap,  then  washed  with  95  per  cent  alcohol,  and 
finally  painted  with  tincture  of  iodine. 

2.  Soaked  for  five  minutes  in  a  1  :1000  mercuric  chloride  solution. 

3.  Painted  with  tincture  of  iodine  alone. 

The  third  method  seems  to  be  as  satisfactory  as  any,  and  is  the  one  recom- 
mended by  most  workers  in  this  field. 

METHOD  OF  MAKING   CULTURES 

Three  methods  were  used  in  making  the  cultures  from  the  blood. 

1.  One  cubic  centimeter  of  blood  was  added  to  tubes  of  sterile  broth  made- 
up  as  follows : 

2  tubes  of  nutrient  bouillon,  plus  10  per  cent  tryptic  extract. 
2  tubes  of  nutrient  bouillon,  plus  10  per  cent  tryptic  extract, 

plus  4  per  cent  glycerin. 
2  tubes  of  nutrient  bouillon,  plus  10  per  cent  tryptic  extract, 
plus  1  per  cent  dextrose. 
One  of  each  was  covered  with  ^^  inch  of  paraffin  oil,  the  other  maintained 
under  aerobic  conditions. 

2.  The  blood  was  mixed  with  an  equal  quantity  of  tryptic  extract  and  plates 
made  as  follows : 

One-half  c.c,  2  c.c,  and  5  c.c.  of  mixture  plated  in  duplicate,  using  agar 
which  was  neutral  to  phenolphthalein.  Half  of  plates  were  incubated  aerobicly;, 
the  other  half,  anaerobicly  in  an  atmosphere  of  hydrogen. 

3.  The  blood  was  divided  into  two  portions :  One  portion  added  to  tryptic 
extract  as  before,  the  other  portion  being  mixed  with  the  minimum  amount  of 
sodium  oxalate  solution  which  prevents  clotting.  One-half  c.c  and  2  c.c.  plates 
were  made  in  duplicate  from  each  mixture. 

These  cultures  were  all  incubated  at  37°  C.  for  a  period  of  two  to  three 
weeks.  Tubes  showing  signs  of  growth  were  transplanted  on  to  blood  agar 
slants  and  on  to  Loefiler's  media.  Plates  were  examined  every  forty-eight  hours 
and  were  not  opened  unless  we  desired  to  examine  a  particular  colony,  in  which 
case  transplants  were  made  as  above. 

NUMBER  OF  CASES  IN   WHICH  DIPHTHEROID  WAS   FOUND 

The  first  nine  cases  studied  were  all  scarlet  fever,  and  we  found  that  it  was. 
possible  to  isolate  a  diphtheroid  organism  from  the  blood  in  a  majority  of  the 
cases.  It  was  soon  found,  however,  that  the  same  thing  held  true  for  other 
diseases  and  for  normal  individuals.  In  all,  twenty-four  cases  of  scarlet  fever 
have  been  studied.  These  were  all  in  the  acute  stage  of  the  disease.  In  nine- 
teen, or  79  per  cent,  of  these  cases  this  diphtheroid  organism  has  been  isolated 
in  pure  culture. 
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In  six  normal  individuals  a  diphtheroid  organism,  morphologically  and  cul- 
turally identical  with  the  one  isolated  from  the  nineteen  cases  of  scarlet  fever, 
has  been  isolated  from  the  blood  of  four. 

In  cases  of  disease  other  than  scarlet  fever  this  organism  was  found  as 
follows : 

Measles,  one  case,  diphtheroid  isolated. 

Diphtheria,  five  cases,  diphtheroid  isolated  in  two  cases. 

Pneumonia,  four  cases,  not  found. 

Typhoid  fever,  one  case,  not  found. 

MORPHOLOGY   OF    ORGANISM 

This  diphtheroid  is  a  very  pleomorphic  organism,  varying  from  coccus  forms 
to  a  fairly  long  bacillus.     Our  experience  with  this  organism  has  been  similar  to 


Fig.   1. 

other  workers  with  diphtheroids  of  this  class,  in  that  our  first  cultures  were 
plated  many  times  in  order  to  separate  the  cocci  from  the  bacilli,  and  all  the 
time  we  were  working  with  a  pure  culture. 

In  older  cultures  coccus  forms  predominate,  while  in  young  (18-  to  24- 
hour)   cultures  the  bacillus  forms  i)re(lominate. 

The  bacilli  are  usually  of  the  barred  type  and  tend  to  be  shorter  and 
plumper  than  B.  diphtheriie.  This  is  ])articularly  true  if  they  are  grown  in 
media  containing  scrum.  However,  bipolar  staining  forms,  \cvy  similar  to  P>. 
diphtheria,  arc  frec|uently  seen ;  and  these  forms  are  observed  more  frequently 
in  young  cultures  on  nutrient  agar. 

The  organism  stains  readily  with  the  ordinary  stains.  It  is  strongly  gram- 
positive  and  is  slightly  acid-fast.  Loefller's  methylene  blue  is  the  best  stain.  No 
spores  can  be  demonstrated  by  any  of  the  staining  methods ;  no  motility  was 
observed. 
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Fig.  1  shows  a  preparation  made  from  a  culture  eight  days  old.  It  will  be 
noted  that  the  coccus  forms  predominate. 

This  organism  is  nonpathogenic  for  mice,  rats,  guinea  pigs,  and  rabbits.  Its 
pathogenicity  for  monkeys  has  not  been  tested. 

No  agglutination  has  been  observed  either  with  serum  of  scarlet  fever  patients 
or  normal  serum. 

Ten  minutes  at  70°  C.  kills  this  organism,  provided  an  even  emulsion  is  used 
in  making  the  test. 

CULTURAL  CHARACTERISTICS 

This  organism  grows  readily  on  solid  media  at  37°  C,  after  the  first  culture  is 
obtained.  Frequently  the  plates  made  with  the  blood  direct  require  nearly  three 
weeks  before  the  colonies  of  the  diphtheroid  can  be  found.  After  the  first  trans- 
plant is  made,  the  growth  at  eighteen  hours  is  heavy. 

Growth  at  room  temperature  is  very  slow  and  scanty. 

Growth  on  gelatin  is  very  slow,  media  not  liquefied. 

The  growth  in  liquid  media  is  slow,  but  heavy  after  several  days'  incubation. 

No  gas  is  formed  in  any  sugar  media.  Acidity  increases  slightly  in  the  fol- 
lowing sugar  media :  dextrose,  levulose,  sucrose,  lactose,  maltose,  dextrine  and 
mannite. 

The  organism  is  a  facultative  anaerobe. 

CONCLL'SION  ON  DIPHTHEROID 

There  is  no  question  that  the  diphtheroid  group  of  organisms  contains  many 
different  varieties.  Mellon,^  in  a  recent  article,  makes  the  statement  that  he 
believes  there  are  forty-five  different  varieties  of  diphtheroids. 

Fox-  has  pictured  many  difl:'erent  forms  of  these  organisms. 

Bunting  and  Yates^  have  reported  an  organism  of  this  group  as  being  the 
etiologic  factor  in  Hodgkin's  disease  and  call  it  corynchactcriinn  hodgkini.  The 
description  of  the  organism  reported  by  these  men  corresponds  very  closel}-  with 
the  organism  reported  in  this  paper. 

A  LARGE  POLYMORPHIC  ORGANISM    ISOLATED  FROM   THE   BLOOD  OF  A   ^lAN   DYING   OF 

SCARLET   FEVER 

Blood  cultures  were  made  of  one  case  of  scarlet  fever  shortly  before  death. 
After  about  ten  days'  incubation,  one  colony  of  rather  unusual  appearance  was 
found  on  one  plate.  Direct  smears  made  from  this  colony,  stained  with  Loef- 
fler's  methylene  blue,  showed  what  at  first  was  considered  a  very  large  diplococ- 
cus.  Cultures  made  from  this  developed  a  heavy  growth  after  24  hours  in  the 
incubator,  blood  agar  being  used  for  subcultures  in  this  case.  Smears  made  from 
these  subcultttres  showed  many  bacillus-like  forms  as  well  as  very  large  diplococci. 
The  growth  in  these  cultures  being  mucus-like,  it  was  thought  at  first  that  we 
might  be  dealing  with  a  member  of  the  mucus  capsulatus  family.  This  was  not 
the  case,  as  a  more  thorough  study  of  the  cultural  and  morphologic  character- 
istics of  the  organism  plainly  showed. 
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MORPHOLOGIC    AND    STAINING    CHARACTERISTICS 

This  organism  varies  from  coccus-like  forms  to  fairly  long  bacillary  forms. 
Length,  2  to  8  it.    Breadth,  2  to  4  «.     It  is  nonmotile,  and  apparently  does  not 
form  spores. 
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It  stains  readily  with  the  sim[)le  stains  and  at  first  glance  looks  like  a  mixture 
of  very  large  dij)lococci  and  bacilli  staining  heavily  at  each  end  and  with  a  central 
faintly  staining  area. 

With  Giemsa's  or  Komanovsky's  stain,  the  organism  shows  a  hcauliful  dif- 
ferentiation, the  ends  staining  hhiisli  pm-i)lc,  a   central   unstained   xacuole,  and. 
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somewhere  within  this  unstained  area,  a  well-defined  red  spot  which  looks  very 
much  like  a  nucleus.    This  is  show'n  in  Fig.  2. 

Older  cultures  show  longer  forms,  the  red  spot  lengthening  and  becoming 
more  irregular  in  form. 

CULTURAL    CHARACTERISTICS 

This  organism  grows  best  at  2)7°  C,  growth  at  room  temperature  being  very 
much  slow^er.  Twenty-four  hours  at  37°  C.  on  blood  agar  gives  a  heavy  raised 
growth,  mucus-like  in  appearance  and  regularly  defined  gray  colonies.  After 
several  days  in  the  incubator,  the  growth  flattens  out  and  is  almost  invisible, 
while  the  culture  gives  ofl:'  a  pronounced  putrid  odor. 

Gelatin  growth  is  poor;  no  liquefaction  observed  after  three  weeks. 

In  plain  bouillon,  growth  is  practically  nil. 

In  sugar  media,  dextrose,  levulose,  maltose,  mannite,  sucrose,  lactose,  and 
dextrine,  no  gas  is  formed  and  after  ten  days  the  cultures  are  much  less  acid 
than  at  first. 

PATHOGENICITY    FOR   ANIMALS 

Rats,  guinea  pigs  and  rabbits  are  apparently  unafl:'ected  by  injection  of  this 
organism  when  made  either  intraperitoneally  or  subcutaneously.  Mice  are  killed 
after  about  four  days.  Further  work  on  this,  as  well  as  on  toxin  formation,  is 
under  way  and  will  soon  be  reported. 

SUMMARY 

We  realize  that  we  have  not  proved  that  this  organism  is  the  cause  of  scarlet 
fever,  but  we  do  think  that  it  is  worthy  of  much  further  work.  Class,'*  several 
years  ago,  described  a  diplococcus  that  he  found  in  the  throats  of  scarlet  fever 
patients.  Mallory^  has  described  a  protozoon  w^iich  he  found  in  the  skin  of 
scarlet  fever  patients.  Cantacuzene*'  gives  a  very  brief  description  of  an  organism 
found  in  the  throat  of  a  scarlet  fever  patient  and  claims  to  have  produced  in 
monkeys  a  disease  very  similar  to  scarlet  fever  by  injection  of  these  cultures. 

From  the  description  of  Cantacuzene,  the  organism  found  by  him  in  the 
throat  is  similar  to,  if  not  identical  with,  the  one  we  have  described,  and  which  w^e 
isolated  from  the  blood  in  a  fatal  case  of  scarlet  fever.  Fig.  3  is  a  reproduction 
of  a  cut  in  Cantacuzene's  article,  and  many  of  these  forms  can  be  seen  in  the 
microphotographs  shown  by  us  in  Fig.  2.     This  work  will  be  continued. 
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THE  FACTORS  OF  COAGULATION   IN  THE  BLOOD  IN  CERTAIN 
PATHOLOGIC  CONDITIONS* 


By  Dorothy  Foster  Pettibone,  B.A.,  M.S. 

Mayo  Foundation,  Rochester,  Minn. 


ELABORATE  studies  have  been  made  in  the  past  on  the  various  factors 
which  concern  the  coagulation  of  blood.  Howell"  has  outlined  minutely 
the  individual  constituents  and  their  respective  functions  in  normal  blood.  Ac- 
cording to  Howell,  there  are  five  factors  in  coagulation,  that  is,  prothrombin, 
fibrinogen,  calcium  salts,  thromboplastin  and  antithrombin,  all  of  which  may 
show  variations  in  disease.  These  are  all  normally  present  in  the  circulating 
blood  except  thromboplastin,  which  is  contained  in  all  tissue  juices,  as  well  as 
in  the  formed  elements  of  the  blood.  On  injury  of  the  vessel,  therefore,  thrombo- 
plastin is  liberated  from  the  surrounding  tissue  and  the  platelets  and  frees  the 
blood  of  antithrombin,  allowing  the  prothrombin  to  act  with  calcium  and  the 
thrombin  to  unite  with  fibrinogen  and  form  fibrin.  According  to  Morawitz 
(quoted  by  Drinker  and  Hurwitz),^  thrombokinase  transforms  thrombogen,  which 
normally  circulates  in  the  blood,  to  prothrombin.  Prothrombin  is  then  changed 
to  thrombin  by  calcium  salts.  Thrombin  reacts  with  fibrinogen  and  produces 
fibrin.  Thrombogen  has  not  been  differentiated  in  any  way  from  prothrombin. 
Since  the  common'  acceptance  of  these  underlying  principles,  much  work 
has  been  done  on  these  same  factors  in  various  pathologic  conditions  with 
special  reference  to  hemorrhagic  disturbances.  Methods  have  been  devised 
whereby  these  separate  factors  may  be  isolated  and  quantitatively  estimated.  I 
have  studied  a  group  of  cases  with  special  emphasis  on  prothrombin  calcium  salts, 
and  platelets.  Among  these  45  cases,  are  2  of  hemophilia,  7  of  myelogenous 
leucemias,  2  of  purpura,  9  of  epilepsy,  12  of  jaundice  (10  obstructive  and  2 
hemolytic)  and  13  of  a  miscellaneous  group. 

HEMOPHILIA 

Many  workers  have  reported  observations  on  the  blood  of  hemophiliacs, 
and  the  facts  they  note  have  agreed  for  the  most  part.  Howell,^  in  his  prothrom- 
bin tests,  proved  that  one  may  by  this  comparative'  method  readily  distinguish 
between  hemophiliac  and  normal  bloods.  Sahli  believes  that  the  condition  is 
due  to  deficient  thromboplastic  material,  but  there  has  been  suggested  as  yet  no 
satisfactory  method  for  determining  the  amount  of  this  substance.  The  method 
I  have  used  for  determining  ])rothr()mbin  time,  is  thai  of  Howell.'^  Draw  8  c.c. 
of  blood  into  a  sterile  syringe,  previously  rinsed  out  with  normal  salt  solution, 
and  express  into  a  tube  containing  1  c.c.  of  a  1  i)cr  cent  potassium  oxalate. 
Invert  the  tube  once  to  mix  thoroughly  and  cenlrifugalizc  for  lifleen  minutes. 
In  a  series  of   small   tul)es  place  graduated  amounts   of   0.5    per   cent  calcium 
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of    Science,    University    of    Minnesota,    Minneaimlis. 
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chloride,  beginning  with  2  drops  and  stopping  at  8  drops.     Add  to  each  tube 
5  drops  of  the  plasma  and  take  time  of  coagulation  (see  Table  I). 

We  know  by  this  test  that  in  hemophilias  the  prothrombin-antithrombin 
balance  is  upset,  but  it  is  not  certainly  proved  that  it  is  the  actual  amount  of 
prothrombin  that  is  altered.  Addis^  believes  the  prothrombin  to  be  present  in 
normal  amounts  in  these  cases,  but  it  is  so  altered  as  to  require  longer  time 
for  activation  to  the  thrombin  present.  An  excess  of  antithrombin  is  present 
only  as  a  result  of  decreased  prothrombin. 

Table  I 


TUBE   NO. 

1 

2 

3 

4 

5 

6 

7 

Calcium 

chloride 

2  drops 

3  drops 

4  drops 

5  drops 

6  drops 

7  drops 

8  drops 

Plasma 

5  drops 

5  drops 

5  drops 

5  drops 

5  drops 

5  drops 

5  drops 

Normal  pro- 

thrombin time 

6  min. 

8  min. 

8  min. 

10  min. 

10  min. 

12  min. 

14  min. 

The  coagulation  time  of  hemophilia  is  always  long.  In  estimating  this  time 
accurately  there  are  many  difficulties  to  consider.  The  method  used  is  that 
described  by  Lee  and  White.^  One  cubic  centimeter  of  blood  is  drawn  from 
the  vein  into  a  sterile  syringe  previously  washed  with  normal  salt  solution,  and 
expressed  into  a  Wassermann  tube  which  has  also  been  rinsed  with  normal  salt 
solution.  Care  must  be  taken  to  leave  salt  solution  in  the  needle  before  punc- 
ture as  the  admission  of  air  bubbles  greatly  hastens  the  coagulation  of  the  blood. 
The  needle  is  removed  so  as  not  to  break  up  the  platelets  in  expressing  the  blood, 
and  the  tube  is  rotated  endwise  every  thirty  seconds  till  the  clot  adheres  to  the 
tube  when  inverted.  Cohen-  has  shown  how  necessary  are  absolute  cleanliness, 
uniformity  of  apparatus,  exact  amount  of  blood,  and  constant  temperature.^^ 
The  time  of  coagulation  greatly  depends  on  the  extent  of  contact  to  the  glass; 
it  may  be  greatly  hastened  by  any  shaking  of  the  tube.  The  hemophiliac  blood 
may  become  gelatinous  in  a  comparatively  short  time,  but  it  is  easily  noted 
that  the  clot  is  not  firm  and  that  its  disturbance  results  in  its  breaking  down. 
Minot  and  L,ee^^  found  that  the  clots  often  formed  as  quickly  as  normal  but 
never  became  as  firm.  If  this  first  clot  is  removed,  a  second  clot  will  form; 
this  is  also  an  imperfect  clot  and  may  be  removed.  It  has  been  observed  recently 
by  Lee,  but  not  as  yet  published,  that  six  and  eight  clots  can  be  removed  in 
succession  from  hemophiliac  blood  while  that  of  a  normal  blood  will  seldom 
form  a  second  clot.  I  was  able  to  remove  four  clots  from  the  blood  in  one 
case,  while  in  normal  controls  I  have  never  removed  more  than  two. 

Case  185593  is  worthy  of  special  attention.  This  patient  had  a  definite 
history  of  familial  hemophilia ;  his  coagulation  time  was  exceedingly  long,  but 
his  prothrombin  time  was  within  normal  limits  and  his  platelet  count  was  115,000 
per  c.  mm.  His  mother's  blood  was  then  examined  and  found  to  have  an 
exceedingly  long  prothrombin  time,  though  a  normal  coagulation  time.  When 
the  prothrombin  time  was  determined,  the  material  was  invertible  though  not  as 
solid  and  set  as  in  normal  sera.  Workers  in  this  country  have  been  looking  for 
just  such  findings,  but  have  not  made  the  actual  observations. 

Case  182535.     In  this  case  there  was  a  coagulation  time  of  73  minutes,  and 
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after  transfusion  the  coagulation  time  was  reduced  to  34  minutes.    Tlie  prothrom- 
bin time  was  not  estimated  because  of  difficulty  in  procuring  blood. 

Wright  has  attributed  the  hemophiliac  condition  to  a  calcium  deficiency. 
Hurwitz  and  Lucas,''  in  studying  five  cases  in  detail,  observed  the  characteristic 
delay  in  coagulation  and  a  constant  deficiency  in  prothrombin;  other  factors 
of  coagulation,  however,  were  present  in  normal  amounts.  In  the  case  shown 
in  Table  II  no  appreciable  difiference  in  amount  or  activity  of  calcium  was 
observed. 

Table  II 
Hemophilia 




COAGULATIOX 

CALCIUM 

PLATELET 

CASE 

PROTHROMBIN    TIME     (CALCIUM    CHLORIDE    .S^/c) 

TIME 

TIME 

PER  C.MM. 

2  diofs     s  drops     4  drops     5  drops     6  drops     7  drops     8  di 

ops 

183593 

0              0          12  mm.    10.5  min.  10. S  mm.  10  min. 
24  hours  after  transfusion: 

93  min. 

3  hrs. 

(imperfect 

clot) 

115,000 

0              0          75  min.     25  min.     38  min.     39  min. 

10  min. 

12  min. 

171,000 

Mother  of 

99  min.    99  min.       Lost         —             —           87  min. 

patient 

(imperfect  clot 
throughout) 

8  min. 

11.5  min. 

202,000 

EPILEPSY 

The  results  of  numerous  observations  on  the  blood  of  patients  with  epilepsy 
have  been  fairly  uniform  with  the  exception  of  the  results  concerning  coagulation 
time,  and  these  have  been  most  varied.  It  has  been  found  by  several  workers  to 
be  greatly  shortened,  while  Turner  believes  the  time  to  be  greater  in  cases  of 
epilepsy.  Thorn^**  reports  a  series  of  203  patients  with  epilepsy  whose  coagulation 
time  he  determined  in  the  method  outlined  by  Lee  and  White. ^°  Ninety-two  per 
cent  of  these  patients  fell  within  normal  limits,  5.5  per  cent  fell  under  the  mini- 
mum, and  2.5  per  cent  were  over  the  maximum.  Two  and  one-half  to  14  minutes 
marked  the  extremes  of  the  series.  Using  the  same  method  for  determining 
coagulation  time,  I  studied  a  series  of  9  patients  presenting  a  range  of  from  4  to 
15  minutes,  while  controls  of  normal  persons  ranged  from  4  to  12  minutes. 

It  seems  reasonable  to  conclude  that  there  is  no  change  in  the  coagulation 
time  of  the  blood  of  patients  with  epilepsy.  A  great  deal  depends  on  the  technic, 
and  the  dififerences  occurring  among  normal  persons  vary  in  a  similar  manner. 

It  is  believed  that  patients  with  epilepsy  may  be  benefited  by  calcium  lactate. 
Two  patients  have  returned  after  a  period  of  from  six  weeks  to  two  months  of  the 
administration  of  calcium,  and  were  found  to  ha\e  enough  calcium  in  the 
blood  to  produce  coagulation  in  less  time  than  by  the  addition  of  calcium  chloride 
(Table  III). 

T.\BLK   III 

Epilepsy 


COAGULATION          CALCIUM 

PLATELET 

CASE 

PROTHROMBIN    TIME    (CALCIUM 

CdLORIDE 

.5%) 

TIME 

TIME 

PER  C.MM. 

2  drops 

5  drops     4  drops 

5  drops 

6  drops 

drops 

8  drops 

184,006 

Not  done 

11  min. 

Not  done 

Not  done 

185,070 

Not  done 

7     " 

5  min. 

Not  done 

186,346 

Not  done 

6     " 

4     " 

Not  done 

186,105 

0 

26  min.     25  min. 

26  min. 

27  min. 

8     " 

14     " 

Not  done 

188,502 

0 

19     "        IS     " 

15     " 

16     " 

12     " 

8     " 

Not  done 

189,332 

8  min. 

8     "          7     " 

7     " 

7     " 

9     " 

10     " 

Not  done 

191,596 

10     " 

10     "        10     " 

')     " 

')     " 

9 

mm. 

9 

nun. 

A      " 

4     " 

178.000 

186,248 

Not  done 

15     " 

Not  done 

Not  done 

192,424 

6     " 

7      "          8     " 

8     " 

9      " 

9 

" 

9 

** 

6     " 

5  min. 

215,000 
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HEMORRHAGIC  PURPURA 

It  has  been  noted  by  many  that  the  normal  retractabiUty  of  the  blood  clot 
depends  on  the  presence  of  platelets.  Duke*  proved  experimentally  that  platelets 
may  leave  behind  them  the  power  to  clot  but  must  be  present  to  produce  retraction 
of  the  clot.  I  have  noted  two  cases  in  which  the  platelet  count  was  14,000  per 
c.mm.  and  no  retraction  of  the  clot  occurred  in  eighteen  hours.  They  were 
typical  cases  in  all  respects. 

Table  IV 


CASE 

PROTHROMBIN    TIME     (CALCIUM    CHLORIDE 

.5^/r) 

COAGULATION 
TIME 

CALCIUM 
TIME 

PLATELET 
PER  C.MM. 

191,562 
157,449 

2  drops     3  drops     4  drops     5  drops     6  drops 
5  mill.      S  min.        6  min.        6  min.        8  min. 

Not    taken 
After  transfusion: 

7  drops 
10  min. 

8  drops 

10  min.        5  min. 
3     " 

5  min. 
3     " 

14,000 
14.000 

139,000 

Hurwitz  and  Lucas^  are  convinced  that  the  chronic  purpuras  do  at  times 
present  abnormalities  other  than  platelet  deficiency.  In  two  patients  under 
their  observation  for  more  than  six  months,  they  noted  fluctuations  in  the  amount 
of  circulating  antithrombin.  I  have  not  estimated  antithrombin  in  any  of  my 
series. 

JAUNDICE 

It  has  long  been  an  established  fact  that  in  certain  types  of  jaundice  there 
is  a  definite  delay  in  coagulation  time.  Morawitz  and  Bierich  believed  that  the 
altered  coagulation  time  was  independent  of  the  intensity  of  the  I'aundice.  Lee 
and  Vincent^^  note  that  this  delayed  coagulation  does  not  show  up  until  five  or 
six  weeks  after  the  onset  of  jaundice.  The  good  effects  of  calcium  treatment 
are  felt  after  several  days  and  the  case  is  deemed  safely  operable  when  the 
calcium  time  reaches  seven  minutes.  This  time  is  estimated  according  to  Lee 
and  Vincent's^^  technic.     One  cubic  centimeter  of  the  patient's  blood  is  drawn 


Table 

V 

Obstructive  Jaundice 

COAGULATION 

CALCIUM 

PLATELET 

PROTHROMBIN 

TIME     (CALCIUM 

CHLORIDE 

.5%) 

TIME 

TIME 

PER  C.MM. 

2d 

Ops 

3  d 

■ops 

4  drops 

5  drops 

6  drops 

7  drops 

8  d 

rops 

160,395 

S 

mm. 

10  min. 

10  min. 

10  min. 

10  mill. 

13  min. 

13 

nin. 

8  min. 

5  min. 

212,000 

Carcinoma 

183,889 
Traumatic 

19 

20 

" 

20     " 

21      " 

34     " 

15      " 

15     " 

11     " 

200,000 

After  calcium 

treatment 

12  mm. 

20  min. 

189,394 
Gallstones 

30 

16 

IS     " 

16      " 

16     " 

4      " 

6     " 

253,000 

190,480 

13 

" 

11 

11      " 

11      " 

9     " 

10      " 

11 

" 

10     " 

6     " 

212,000 

Carcinoma 

125,271 

5 

" 

5 

5     " 

6      " 

6     " 

7     " 

8 

" 

5     " 

5     " 

194,000 

Traumatic 

192,733 

6 

" 

6 

6     " 

9      " 

9     " 

9     " 

9 

" 

8     " 

8     " 

262,000 

Gallstones 

194.975 

21 

" 

19 

18     " 

16     " 

IS     " 

20     " 

''4 

" 

21     " 

14     " 

209,000 

Traumatic 

(clots') 

96.625 

0 

" 

36 

25     " 

18     " 

19     " 

20     " 

20     " 

8     " 

208,000 

Carcinoma 

190,648 

9 

" 

8 

7     " 

7     " 

7     " 

9     " 

9 

" 

4     " 

6     " 

210,000 

Abscess  from 

ruptured 

Rail  bladder 

192.750 

10 

" 

10 

" 

13     " 

15     " 

15     " 

16      " 

IS 

" 

9      " 

12     " 

228,000 

Gallstones 
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into  a  sterile  syringe  previously  rinsed  with  salt  solution  and  expressed,  with- 
out the  needle,  into  a  small  tube  containing  6  drops  of  a  0.5  per  cent  calcium 
chloride  solution.  The  tube  is  inverted  every  thirty  seconds  and  the  calcium 
time  is  taken  at  the  point  of  coagulation.  The  test  is  the  same  as  for  coagula- 
tion time  with  the  addition  of  calcium  chloride.  It  has  been  found  that  too  much 
as  well  as  too  little  calcium  will  serve  to  delay  the  process  of  coagulation. 

Blood  platelets  were  isolated  in  such  cases  by  Lee  and  Vincent  and  were 
found  to  act  normally  both  in  the  formation  and  retraction  of  the  clot. 

It  has  been  found  experimentally  that  bile  has  an  inhibitory  effect  on  the 
formation  of  thrombin.  Bile  will  entirely  prevent  coagulation  /;/  vitro  even 
in  the  presence  of  the  optimum  amount  of  calcium.  It  is  probable,  however, 
that  bile  never  becomes  so  concentrated  in  the  blood  of  jaundiced  patients 
(Tables  V  and  VI). 

Table  VI 
Hemolytic  Jaundice 


CASE 

PROTHROMBIN    TIME     (CALCIUM    CHLORIDE 

.5';f) 

COAGULATION 
TIME 

CALCIUM 
TIME 

PLATELET 
PER  C.MM. 

192,817 
190,364 

_'  drops     .^  drops     4  drops     5  drops     6  drops 
9  niin.      9  miii.     10  min.     13  miii.     14  min. 
5     "          7     "          7     "         7     "          7     " 

7  drops 
14  min. 
9      " 

S  drops 

IS  min.       14  min. 
9      "            9      " 

17  min. 
5      " 

131,000 
200,000 

MYELOGENOUS    LEUCEMIA 

Little  note  has  been  taken  in  this  connection  of  the  blood  of  myelogenous 
leucemia.  In  my  series  of  seven  patients  it  will  be  seen  that  there  is  present 
a  tendency  to  prolonged  prothrombin  times,  although  the  coagulation  times  are 
quite  short.  Cohen-  has  shown  experimentally  that  a  marked  leucocytosis  very 
definitely  delays  coagulation. 

It  is  evident  that  these  patients  have  the  optimum  amount  of  calcium  as 
the  addition  in  vitro  of  3  drops  of  calcium  noticeably  delays  coagulation 
(Table  VII). 

Table  VII 
Myelocytic  Leucemia 

COAGULATION  CALCIUM       PLATELET 

CASE  PROTHROMBIN    TIME     (CALCIUM    CHLORIDE    .5%)  TIME  TIME  PER  C.MM. 

3  drops  _?  drops     4  drops  5  drops  6  drops     7  drops     S  drops 

192,443  7  min.       7  min.       S  min.       9  min.  9  min.        9  min.      10  min. 

192,150  16     "  13     "        12     "  12     "  12     "        14     "        14     " 

177.183  Not  (lone 

176,684  17  min.  13nn'n.      15  min.      2  lirs.         2  hrs. 

186,558  14     "  12     "        13     "  IS  min.  IS  min. 

162,899  Not  done 

180,499  ISnn'n.     IS  min.     20  min.     20  min.     20  min.      21  min.      25  min. 

MTSCET-LANEOUS   CASES 

Drinker  and  Ilurwit/'  found  prothrombin  to  be  slightly  diminishctl  in  all 
patients  witli  ])ernicious  anemia.  I  found  that  to  be  true  in  the  one  patient  exam- 
ined in  the  Mayo  Clinic.     The  platelet  counts  are,  however,  relatively  normal. 

Three  of  the  splenomegaly  cases  ]iresentcd  delayed  prothrombin  times. 
Coagulalion  limes  were  rather  long,  but  the  .-uldilion  of  calcium  tended  to  retard. 

Among  this  miscellaneous  grouj)  there  were  se\eral  types  of  conditions.  As 
control  cases  they  showed  nothing  abnormal  in  their  factors  in  coagulation 
(Table  VIII). 


8  nn'n. 

12  min. 

196,000 

8     " 

S     " 

194,000 

2     " 

14      " 

270,000 

8     " 

9      " 

185,000 

8     " 

11      " 

Too  many 
mvelocvtes 

8     " 

16     " 

280,000 

7     " 

6     " 

188,000 
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Table 

VIII 

MiSCELLANKOUS 

COAGULATION 

CALCIUM 

PLATELET 

CASE 

PROTHROMBIX 

TIME    CC.\LCIUM 

CHLORIDE 

.5%) 

TIME 

TIME 

PER  C.MM. 

2d 

Ops 

S  drops 

4  drops 

5  drops 

6  drops 

7  drops 

S  drops 

183,556 

30 

min. 

23  min. 

16  min. 

17  min. 

1 1  min. 

15  min. 

4  min. 

Diabetes 

76,654 

0 

40     " 

25     " 

25     " 

23     " 

16     " 

22  min. 

288,000 

Splenic  anemia? 

192.553 

11 

" 

13     " 

14     " 

15     " 

15     " 

17     " 

19  min. 

9     " 

10     " 

177,000 

Splenic  anemia 

192,503 

7 

" 

9     " 

9     " 

12     " 

14     " 

IS     " 

18     " 

10     " 

13     " 

Cirrhosis  of 

liver?  with 

splenomegal 

V 

190,774 

9 

" 

8     " 

7     " 

7     " 

7     " 

7     " 

8     " 

7     " 

6     " 

197,000 

Localized 

tuberculous 

splenomegal 

■ 

192,719 

14 

" 

20     " 

22     " 

24     " 

30     " 

30     " 

30     " 

5     " 

4     " 

204,000 

Pernicious 

anemia 

185,197 

No 

t  done 

6     " 

Not  done 

157,000 

Pernicious 

anemia 

189,232 

Not  done 

Not  done 

Not  done 

269,000 

Lues  II 

193,565 

8  min. 

8  min. 

7  min. 

6  min. 

6  min. 

6  min. 

6  min. 

8  min. 

9  min. 

115,000 

Polvcvthemia 

190,"423 

8 

" 

8     " 

8     " 

7     " 

7     " 

9     " 

9     " 

7     " 

9     " 

208,000 

Migraine 

191,091 

17 

" 

17     " 

16     " 

16     " 

16     " 

16     " 

16     " 

15     " 

10     " 

223,000 

Biliary 

cirrhosis? 

192,121 

5 

" 

5     " 

5     " 

5     " 

5     " 

6     " 

6     " 

7     " 

8     " 

255,000 

Biliary 

cirrhosis? 

194,103 

10 

" 

12     " 

14     " 

16     " 

15     " 

15     " 

16     " 

9     " 

8     " 

200,000 

Hypernephroma 

NOTES  ON  TECHNIC 


In  doing  these  prothrombin  tests  we  have  noted  that  on  reducing  the  amount 
of  blood  used  to  just  one-half,  the  results  were  identical  and  the  test  more 
economical, — the  amount  of  potassium  oxalate  being  reduced  proportionately. 
Care  must  be  taken  to  use  the  same  needle  for  measuring  calcium  and  serum, 
for  the  time  varies  appreciably  if  the  size  of  the  drops  is  not  uniform.  I  have 
also  done  parallel  prothrombin  tests  on  several  cases,  using  .5  c.c.  of  potassium 
oxalate  to  8  c.c.  of  blood.  In  the  cases  of  jaundice  great  difficulty  was  ex- 
perienced in  avoiding  a  clot  while  centrifugalizing  the  blood.  If  a  clot  had 
formed,  the  serum  it  expressed  would  not  clot  on  the  addition  of  calcium.  In 
the  cases  in  which  the  serum  did  not  clot  while  spinning,  however,  a  shorter 
prothrombin  time  was  manifested  when  only  .5  c.c.  of  oxalate  was  used.  In 
these  cases  there  was  not  sufficient  oxalate  to  precipitate  all  the  calcium,  and 
in  one  case  there  was  so  much  native  calcium  that  the  optimum  amount  of  cal- 
cium brought  the  shortest  time  of  clotting  in  the  first  tube  followed  by  an 
excess  of  calcium  in  the  rest  of  the  tubes  and  a  consequent  retarding  of  the 
clotting-process. 

The  method  employed  for  platelet  enumeration  is  that  described  by  Wright 
and  Kinnicutt.^'^  Blood  was  mixed  with  the  diluting  fluid  in  the  proportion  of 
one  to  a  hundred  by  means  of  the  ordinary  red  blood  corpuscle  pipette  and 
counted  in  the  blood  counting  chamber  with  a  high  dry  objective.  The  diluting 
fluid  consisted  of  two  parts  of  an  aqueous  solution  of  brilliant  cresyl  blue 
(1:300)  and  three  parts  of  an  aqueous  solution  of  potassium  cyanide  (1:1400). 
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These  two  solutions  must  be  kept  separately  and  mixed  and  filtered  only  as 
used  or  a  precipitate  forms  and  obscures  the  platelets.  In  order  to  get  an  even 
distribution  of  platelets,  it  is  well  to  fill  the  chamber  at  once  after  mixing  blood 
and  fluid  in  the  pipette. 

I  found  that  waiting  an  appreciable  length  of  time  and  shaking  as  for  red 
blood  corpuscles  and  white  blood  corpviscles  is  not  satisfactory,  ^^'right^'  demon- 
strated several  years  ago  that  platelets  tend  to  adhere  to  any  foreign  body 
and  form  clumps.  This  perhaps  explains  the  reduced  counts  after  shaking  the 
pipette.  Shaking  also  tends  to  form  larger  and  denser  clumps  which  makes  the 
count  very  inaccurate.  There  are  three  main  requisites  for  reliable  platelet 
counts ;  namely,  the  red  corpuscles  must  be  laked,  the  protoplasm  of  the  leucocytes 
well  stained,  and  the  platelets  evenly  distributed.* 

After  the  counting  chamber  has  been  filled,  it  may  stand  for  hours  before 
making  the  count.  It  must  surely  stand  ten  minutes  to  allow  the  platelets 
thoroughly  to  settle.  The  cresyl  blue  solution  will  keep  indefinitely  on  ice,  which 
prevents  growth  of  yeasts.  Potassium  cyanide  should  be  made  up  fresh  at  least 
every  ten  days.  It  must  be  made  of  pure  potassium  cyanide  not  undergoing 
degeneration. 

Duke  found  platelet  counts  fairly  constant  in  normal  persons  but  fluctuating 
to  extremes  in  pathologic  conditions.  By  various  experimental  devices  he  showed 
that  the  platelet  count  fluctuated  in  exact  proportion  to  the  degree  of  toxicity. 
He  found  that  the  injection  of  (lii)htheria  toxin  in  small  doses  laised  the  count 
and  that  the  same  toxin  in  lethal  or  nearly  lethal  doses  decreased  the  count 
rapidly.  He  concluded  from  his  experiments  that  when  increased  counts  were 
associated  with  pathologic  conditions  the  case  was  usually  mild.  In  other 
words,  the  toxins  act  as  irritants  or  poisons  according  to  the  size  of  dosage. 
Duke*^  bore  out  his  deductions  in  man ;  his  average  counts  of  patients  in  febrile 
condition  was  114,000  per  c.mm. — the  convalescent  counts  going  as  high  as 
750.000  per  c.mm. 

SUMMARY 

1.  The  technic  of  the  various  laboratory  methods  used  is  described. 

2.  There  was  a  marked  calcium  deficiency  in  jaundice  cases  of  several 
weeks'  duration.     Platelets  were  present  in  normal  numbers. 

3.  The  blood  of  hemorrhagic  purpuras  was  deficient  in  platelets.  There 
was  no  retraction  of  the  clot.  Estimation  of  platelets  was  of  value  in  dififeren- 
tiating  between  hemorrhagic  ])urpuras  and  hrmophilias. 

4.  The  coagulation  time  of  epileptic  blood  was  within  normal  limits. 

5.  Prothrombin  was  slightly  diminished  in  pernicious  anemia. 

6.  There  was  a  tendency  in  myelocytic  Icuccniias  for  prothrombin  time  to 
be  prolonged  beyond  the  normal  limits  of  from  six  to  fourteen  minutes,  although 
the  coagulation  time  was  within  normal  limits. 

7.  There  was  a  characteristic  delay  in  coagulation  in  the  blood  of  hemophiliac 
cases.  There  was  also  a  deficiency  in  prothrombin.  I'latelets  were  present  in 
normal  numbers  and  ha\e  normal  retractile  i)owers.  There  was  apparently  no 
deficiency  in  calcium. 

8.  One    i>atient    of    sjiecial    note   among    the    liemopliilia'^    had    an    cxtremeh' 
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long  coagulation  time  though  his  prothrombin  time  was  within  normal  limits. 
His  mother  had  a  normal  coagulation  time  but  a  markedly  delayed  prothrombin 
time. 
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CHRONIC  TONSIL  INFECTIONS* 


Bv  JosiAH  J.  Moore,  M.S.,  M.D.,  Chicago,  III. 


AS  an  introduction  to  the  discussion  of  the  pathology  of  the  tonsils,  the 
.  following  remarks  on  their  anatomy  would  seem  pertinent. 

The  faucial  tonsils  are  two  symmetrically  placed  prominent  bodies  situated 
between  the  anterior  and  posterior  pillars  of  the  soft  palate  and  covered  by 
a  layer  of  epithelium  which  is  continuous  with  the  mouth  cavity.  The  prominence 
of  the  bodies  varies  at  different  ages  and  in  individuals  of  the  same  age. 
Maclachlan  in  his  series  gives  the  average  size  as  2.5x1.8x1.5  cm.  In  250  pairs 
of  tonsils  examined  in  a  routine  manner  I  found  the  average  size  to  be  some- 
Avhat  smaller  or  2.3x1.5x1.0  cm. 

Each  tonsil  is  enclosed  in  a  fibrous  capsule  which  surrounds  it  completely 
€xcept  on  the  inner  surface  where  the  openings  on  the  mucosal  surface  are 
found.  The  mucous  surface  covering  the  tonsil  varies  considerably  in  appear- 
ance. It  is  usually  convex.  Depending  upon  the  character  of  the  mouths  of 
the  crypts  it  may  be  either  ragged  or  smooth. 

The  crypts  of  the  tonsil  are  diverticvila  of  the  buccal  cavity  lined  by 
squamous  epithelium.  They  are  ten  to  fifteen  in  number  extending  mto  the 
tonsil  almost  to  the  capsule  where  they  end  blindly.  The  contents  of  the  ciypt 
are  saliva,  food  debris,  cell  debris  and  bacteria,  the  contents  of  the  mouth  cavity 
proper.  Branching  from  the  main  crypts  are  numerous  smaller  crypts  which 
extend  for  a  considerable  distance  into  the  tonsillar  substance. 

The  tonsil  substance  proper  is  composed  of  trabeculse,  stroma,  follicles,  blood 
and  lymph  vessels  and  the  individual  cells  of  the  tonsils. 

The  trabeculse  are  fibrous  bands  arising  from  the  capsule  which  extend 
across  the  tonsil  becoming  smaller  toward  the  buccal  surface.  They  carry  large 
vessels  and  lymphatics,  and  give  partial  origin  to  the  stroma  of  the  tonsil.  The 
vessels  of  the  trabeculse  are  quite  large.  The  stroma  is  a  loose  connective  tissue 
structure  forming  the  supporting  framework  for  the  tonsil  cells. 

The  follicles  make  up  the  greater  part  of  the  tonsil  substance  proper.  They 
consist  of  numerous  collections  of  cells,  similar  in  structure  to  the  follicles  of 
the  lymph  nodes.  The  central  cells,  constituting  about  one-third  of  the  follicle, 
are  large  with  prominent  nuclei  and  abundant  cytoplasm.  At  the  periphery  the 
cells  are  smaller  with  deeper  staining  nuclei  and  less  protoplasm.  The  intcr- 
follicular  tissue  is  made  up  of  a  very  loose  reticular  stroma  containing  many 
fine  blood  and  lymph  cai)illaries  and  packed  with  small  monouclear  cells.  Plasma 
cells  are  constantly  found  in  the  tonsil  from  the  second  week  rittcr  birth. 

The  blood  vessels  and  lymi»hatics  of  ihc  tonsils  follow  the  Iraliccul.e  are 
similar  to  those  of  any  other  organ.  ^ 


*From  the  Department  of  I'atholoKy  ami  Racteriology,  University  of  Illinois,  College  of  Medicine, 
Chicago,  111. 

tAn  excellent  discussion  of  the  anatomy,  physiology  and  other  phases  of  this  siilijecl  has  been 
given   by   Maclachlan:     Tonsillitis,    University    of    Pittsburg,    School    of    Afedicine.    I'uh.,    1912. 
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Due  both  to  its  position  and  structure  the  tonsil  is  more  prone  to  inflamma- 
tion than  ahiiost  any  other  organ  in  the  body.  Owing  to  the  former  it  comes  in 
direct  contact  with  the  various  species  of  bacteria  in  the  mouth  cavity.  More 
important,  however,  is  the  deposition  of  these  bacteria  with  food  and  other 
debris  in  the  lumina  of  the  crypts.  Here  sluggish  drainage,  ideal  temperature 
and  moisture  conditions,  and  varying  degrees  of  oxygen  pressure  furnish  the 
organisms  with  a  splendid  opportunity  for  development.  Depending  upon  the 
type  and  virulence  of  the  organism  and  the  resistance  of  the  host,  either  an 
acute  or  a  chronic  condition  results.  Although  the  majority  of  tonsillar  inflam- 
matory conditions  arise  from  irritants  reaching  the  organ  from  the  buccal  cavity, 
some,  such  as  secondary  syphilis,  are  metastatic  in  nature. 

In  this  discussion  on  chronic  tonsil  infections  the  classification  used  is 
based,  not  upon  clinical  data,  but  upon  actual  changes  in  the  tissue  recognized 
pathologically  as  chronic  inflammation.  Various  classifications  have  been  sug- 
gested, but  the  following  by  Semon  and  Williams^,  based  upon  the  location  of 
the  lesion,  is  at  least  convenient,  (a.)  Chronic  lacunar  or  cryptic  tonsillitis;  (b) 
chronic  interstitial  tonsillitis;  and  (c)  chronic  peritonsillitis.  These  types  cor- 
respond with  a  similar  classification  of  acute  conditions  to  which  they  are 
closely  related.  Either  one  may  precede  the  other,  or  they  may  and  frequently 
do  exist  simultaneously. 

Chronic  Lacunar  Tonsillitis. — Chronic  lacunar  tonsillitis  is  the  most  common 
lesion.  Changes  are  found  in  the  lining,  size,  and  contents  of  the  crypts.  In 
chronic  lacunar  inflammations  the  epithelium  is  irregular  due  to  the  dilatation  of 
the  finer  branches  of  the  main  crypts,  papillomatous  masses  of  keratinized  cells, 
and  desquamation  of  cells.  The  cavity  of  the  crypts  is  usually  dilated,  containing 
desquamated  epithelial  cells,  cholesterin  crystals,  polymorphonuclear  cells,  hya- 
line material  and  bacteria.  Mycelial  growths,  or  "actinomyces-like  bodies,"  are 
often  found  in  this  condition.  The  shape  of  the  dilated  crypts  and  the  com- 
pressed epithelial  lining  suggests  blocking  of  the  mouths. 

It  is  in  this  type  of  tonsillitis  that  the  soft,  yellowish,  foul-smelling,  cheese- 
like particles  may  be  frequently  squeezed  from  the  crypts.  Not  infrequently 
calcium  salts  are  deposited  in  such  masses,  forming  tonsilloliths.  Occasionally 
there  is  a  plugging  of  one  of  the  crypts  with  an  increase  in  the  keratinized 
epithelial  cells,  forming  an  epithelial  cyst. 

Chronic  Interstitial  Tonsillitis. — Chronic  interstitial  tonsilitis  is  character- 
ized by  an  increase  in  connective  tissue.  Since  this  is  derived  from  the  capsule 
and  trabeculse,  there  may  be  an  increase  in  the  size  of  the  trabeculse  or  an  in- 
crease in  the  amount  of  stroma  in  the  parenchyma  of  the  organ.  These  two 
forms  are  usually  associated.  In  small  hidden  atrophic  tonsils  fibrosis  is  to  be 
expected,  but  it  is  often  found  in  hypertrophied  tonsils.  It  is  generally  con- 
ceded, however,  that  the  hypertrophic  finally  passes  into  the  atrophic  state. 
Islands  of  cartilage  or  bone  occasionally  appear  in  the  stroma  in  fibrosis  of  the 
tonsils.  Here  also  we  see  the  thick-walled  vessels  which  so  often  cause  hemor- 
rhage in  tonsillectomy  in  this  type  of  inflammation.  Chronic  lacunar  and  inter- 
stitial tonsillitis  are  often  found  together.  In  250  pair.-^  of  tonsils  examined  they 
were  found  associated  in  42  per  cent. 
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Closely  associated  with  these  types  of  tonsillitis  is  the  condition  termed  hy- 
pertrophy of  the  tonsil.  The  etiologic  factors  are  numerous.  Heredity  is  thought 
by  some  to  play  an  inportant  role.  Constitutional  or  predisposing  causes  are 
tuberculosis,  syphilis,  gout  and  alcoholism  in  parents.  Local  causes,  such  as 
recurrent  attacks  of  tonsillitis,  are,  however,  most  important.  Usually  the  only 
distinctive  point  clinically  in  the  gross  appearance  of  the  tonsil  is  its  actual  size. 
Our  largest  tonsil  measured  4x3x1.7  cm. 

The  most  common  microscopic  picture  in  the  hypertrophy  of  the  tonsil  on 
children  is  an  increase  in  both  size  and  number  of  follicles  so  that  they  occupy 
more  space  than  the  diffuse  lymphoid  tissue.  The  enlargement  is  in  all  probability 
due  to  hyperplasia  of  the  cells  in  the  center  of  the  follicles.  In  adults  the  fol- 
licles of  the  hypertrophied  tonsil  are  usually  dififuse  and  lymphoid  tissue  with 
stroma  make  up  the  major  portion  of  the  tonsil.  Practically  always  some  form 
of  inflammation  may  be  found  if  properly  sought.  Most  commonly  this  is  acute 
or  chronic  lacunar  tonsillitis.  Hyperplasia  of  the  lymphoid  tissue  was  observed 
in  30  per  cent  of  the  series  examined. 

Plasma  cells  in  large  numbers  are  found  in  all  hypertrophied  tonsils,  and 
since  these  cells  are  usually  indicative  of  chronic  infection,  their  presence  sug- 
gests this  as  a  possible  etiologic  feature  in  the  hypertrophy.  Plasma  cells  are 
found,  however,  in  abundance  in  all  tonsils,  normal  or  pathologic,  though  more 
numerous   in   the   latter. 

It  is  sometimes  difficult  to  differentiate  between  a  fibrotic  atrophic  tonsil 
the  result  of  chronic  inflammation  and  one  undergoing  the  normal  atrophy.  Feat- 
ures of  diagnostic  importance  would  be,  clinically,  the  age  of  the  individual  and 
the  history  of  repeated  attacks  of  acute  tonsillitis,  and  microscopically  the  size 
and  contents  of  the  crypts  and  the  presence  of  lacunar  inflammation. 

Chronic  Peritonsillitis. — Chronic  peritonsillitis  is  characterized  by  an  increase 
in  the  fibrous  tissue  in  the  capsule  and  pericapsular  tissue  with  infiltration  of 
characteristic  inflammatory  cells.  Cartilage  and  bone  are  occasionally  found  in 
the  thickened  capsule. 

Of  special  interest  as  chronic  infections  of  the  tonsil,  are  those  of  tuber- 
culosis and  syphilis.  It  is  questionable  whether  a  diagnosis  of  primary  tuber- 
culosis of  the  tonsil  can  be  made  during  life.  Statistics  on  the  frequency  of 
primary  and  secondary  tuberculosis  of  the  tonsils  may  be  ver}^  misleading  even 
if  accompanied  by  data  indicating  the  presence  or  absence  of  tul)crculosis  in 
other  parts  of  the  ImkIv.  The  fre(|uency  of  tuberculosis  when  no  oilier  foci  are 
demonstrable  varies  from  1  to  5  per  cent.  In  patients  suffering  from  pulmonary 
tuberculosis  the  tonsils  are  affected  frequently.  A\'ood-  bclie\es  that  90  jicr  cent 
of  tuberculous  ccr\  ical  adenitis  is  sccondarv  lo  tuberculous  infeclion  of  the  tonsil. 
It  has  been  demonstrated,  however,  that  the  tubcrle  bacillus  can  ])ass  through  the 
tonsil  and  to  the  lymph  glands,  with  no  a])parent  injury  to  the  tonsil.  Ravcnel.''  by 
feeding  tubercle  bacilli  to  hogs,  found  that  the  bacilli  passed  thi'ougli  the  inte^tinal 
mucosa  to  the  chyle  and  mesenteric  lyniiili  glands  without  producing  microscopic 
lesions  in  the  intestines. 

In  my  series  of  250  pairs  of  tonsils,  tuberculosis  was  present  in  2.S  per  cent. 
Clinical    examination    failed    to    di^clovc    iuvoK  t'nicnt    of    eillier    the    lungs    or   tlie 
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cervical  Ixmph  glands.  The  ages  ranged  from  6  to  25  years  of  age.  The  pres- 
ence of  typical  tubercles  on  microscopic  sections  was  considered  sufficient  for 
diagnosis.  They  revealed  caseation,  epithelial  cells,  giant  cells,  and  connective 
tissue  changes.  Giant  cells  alone  might  be  due  to  a  variety  of  causes,  as  foreign 
bodies,  cholesterin  crystals,  and  syphilis. 

Syphilis  of  the  tonsil  may  be  primary,  secondary,  or  tertiary.  According 
to  some  the  tonsil  is  more  generally  involved  in  extragenital  primarv  lesions 
because  its  structure  gives  greater  opportunity  for  the  spirochete  to  lodge.  The 
percentage  varies  from  6  to  55  per  cent.  Women  are  most  frequently  affected. 
The  lesion  occupies  the  greater  part  of  the  mucous  surface,  with  sharply  defined 
margins  and  considerable  induration.  They  are  usually  painless.  Enlargement 
of  the  lymph  glands  under  the  angle  of  the  jaw  is  always  observed. 

Secondary  syphilis  shows  itself  in  the  tonsil  in  the  form  of  mucous  patches, 
occasionally  by  superficial  ulceration. 

Tertiary  lesions  are  the  gummata  or  the  resulting  ulcerations.  They  are  rare. 
Healing  of  the  gummata  results  in  the  formation  of  much  scar  tissue  with  marked 
induration  of  the  tonsil. 

Actinomycosis  of  the  tonsil  has  been  occasionally  described.  Davis*,  from 
his  own  work  and  from  a  review  of  the  literature,  thinks  that  no  well-authen- 
ticated case  of  primary  actinomycosis  of  the  tonsil  has  been  reported.  The 
"actinomyces-like  bodies"  or  granules  found  in  the  crypts  are  not  true  actino- 
myces,  but  consist  of  streptococci,  bacilli,  and  spirilla  growing  together  in  a  more 
or  less  symbiotic  relationship.  The  bacilli  belong  to  the  fusiform  group  and 
neither  they  nor  the  streptococci  have  any  marked  pathogenicity  for  animals. 
These  granules  are  in  about  one  out  of  ever}^  three  or  four  pairs  of  tonsils 
examined.     Probably  all  tonsils  at  times  contain  them. 

The  bacteriologic  flora  of  the  tonsil  is  somewhat  similar  in  both  acute  and 
chronic  tonsillitis.  The  surface  bacteria  are  usually  those  found  upon  all  sur- 
faces of  the  buccal  cavity  and  come  from  the  throat,  mouth,  nose,  food  and 
inspired  air.  Cultures  from  the  surface  are  of  little  value  in  determining  the 
type  of  organism  in  the  crypts.  In  the  crypts,  many  varieties  of  microorganisms 
have  been  found,  but  those  predominating  are  streptococci.  Davis^,  isolated 
hemolytic  streptococci  in  the  majority  of  his  series  of  133  tonsils,  with  pneumococ- 
cus,  staphylococcus,  B.  diptherise,  B.  influenzae  and  B.  mucosus  capsulatus  in  a 
small  number  of  cases.  These  streptococci  are  capable  of  producing  arthritis 
in  rabbits.  They  were  isolated  from  individuals  suffering  from  chronic  arthritis, 
endocarditis,  and  nephritis,  but  it  is  not  certain  that  they  were  causative  factors 
in  all  cases.  It  must  be  recognized  that  in  almost  all  tonsils,  whether  pathologic 
or  not,  hemolytic  streptococci  capable  of  causing  arthritis  in  rabbits  may  be 
isolated  from  the  crypts. 

Frequent  favorable  results  following  removal  of  infected  tonsils  suggest 
that  the  absorption  of  bacteria  or  their  products  from  the  crypts  has  much  to 
do  with  the  causation  of  certain  chronic  lesions.  The  severity  and  site  of  these 
lesions  may  depend  upon  the  virulence  and  specificity  of  the  bacteria  and  the 
general  and  local  resistance  of  the  host.  Rosenow^,  suggests  that  certain  organ- 
isms have  an  elective  affinity  for  difl'erent  tissues.     Strains  of  streptococci  ob- 
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tained  from  appendicitis,  ulcer  of  the  stomach,  cholecystitis,  rheumatic  fever, 
erythema  nodosum,  myocarditis,  endocarditis,  and  herpes  zoster  when  injected 
intravenously  into  animals,  rabbits  and  dogs,  elect  to  produce  the  specific 
lesion  from  which  they  were  isolated  in  a  very  high  percentage  of  cases.  Not 
only  do  strains  isolated  from  the  specific  lesions,  but  also  strains  isolated  from 
the  apparent  focus  of  infection,  which  frequently  was  the  tonsil,  give  more 
or  less  comparable  results.  He  likens  a  pocket  in  the  tonsils  filled  with  pus, 
necrotic  material,  and  bacteria  to  a  culture  lube  having  a  permeable  wall  af- 
fording abundant  opportunity  for  the  entrance  of  bacteria  and  their  products. 
The  importance  of  such  foci  of  infection  to  systemic  disease  is  especially  em- 
phasized by  Billings'  in  his  extensive  study. 

In  a  series  of  rabbits  studied,  using  an  organism  isolated  from  a  patient 
with  subacute  arthritis,  endocarditis  occurred  twice,  nephritis  three  times,  and 
arthritis  in  all.  In  a  series  of  forty-five  rabbits  injected  with  a  hemolytic  strep- 
tococcus isolated  from  the  tonsillar  crypts  during  an  attack  of  accute  tonsillitis 
in  a  patient  having  chronic  arthritis,  arthritis  developed  in  all  the  rabbits,  en- 
docarditis in  50  per  cent,  kidney  lesions  in  15  per  cent,  intestinal  hemorrhage 
6.6  per  cent,  hemorrhage  in  the  stomach  in  5  per  cent,  appendicitis  and  gall  bladder 
lesions  2.5  per  cent,  and  myocarditis  in  nearly  all.* 

It  is  interesting  to  compare  this  last  group  with  a  group  recently  injected 
with  a  hemolytic  streptococcus  from  a  case  of  acute  tonsillitis  with  no  compli- 
cations. Fourteen  rabbits  were  injected.  The  percentage  of  lesions  was  as 
follows :  arthritis  90  per  cent,  endocarditis  50  per  cent,  nephritis  28  per  cent, 
myositis  42  per  cent,  myocarditis  21  per  cent,  adenitis  14  per  cent  and  hem- 
orrhages into  the  gall  bladder  17  per  cent.  The  variable  number  of  lesions  pro- 
duced by  these  difl^erent  strains  possibly  illustrates  Rosenow's  hypothesis  that 
"the  tendency  to  locate  electively  within  a  limited  range,  monotropism,  is  most 
highly  developed  in  the  nonvirulent  strains  isolated  from  chronic  lesions."  In 
the  more  virulent  strains  from  acute  lesions  this  tendency  is  less  highly  de- 
veloped, the  lesions  occurring  over  a  wider  range,  "polytropism." 

Reference  has  already  been  made  to  the  organisms  composing  the  so-called 
"actinoniyces-like  bodies"  found  in  the  crypts.  Pilot  and  Davis^  have  made 
anaerobic  cultures  of  many  granules  found  in  tonsils  and  frequently  (jbtained 
hemolytic  and  nonhemolytic  streptococci  of  low  virulence  capable  in  large  doses 
of  producing  arthritis  in  rabbits.  On  early  trans])lants  they  grow  better  under 
anaerobic  conditions  than  under  aerobic  conditions.  Later  they  lose  this  charac- 
teristic. 

The  tubercle  bacillus  is  rarely  found  in  the  tonsillar  crypts.  Occasionally 
diphtheria  and  influenza  bacilli^"  occur  here,  where  they  may  persist  for  a 
long  time.     Diphtheroids  are  not  uncommon  in  the  crypts. 

The  persistence  of  virulent  diphtheria  bacilli  in  the  crypls  of  the  tonsils 
brings  up  the  very  important  i)roblem  (jf  the  role  played  1)\-  these  organs  in 
disease  "carriers."  Much  has  been  written  on  this  subject  and  reference  to  some 
of  the  more  recent  literature  will  demonstrate  its  importance.  L^-iedberg"  found 
that  persistent  diplitheria  carriers  became  negati\e  after  renioxal  of  the  tonsils. 
In   microscopic    sections   of    these    tonsils'-    the    diplitlieria    barilli    were    seen    in 
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superficial  ulcers  located  usually  in  the  crypts.  In  nineteen  diphtheria  carriers 
Ruh.  ]\Iiller  and  Perkins^"  isolated  pure  cultures  of  B.  diphtheria  from  the  ton- 
sillar crypts  both  before  and  after  tonsillectomy.  All  these  writers  recommend 
the  removal  of  the  tonsils  in  individuals  where  diphtheria  bacilli  persist  for 
any  considerable  period  of  time. 

It  is  of  interest  that  the  cr}'pts  of  the  tonsils  may  become  chronically 
infected  with  meningococci.  Although  in  meningococci  carriers  the  organisms  are 
usually  isolated  from  the  nasopharynx,  Mathers^*  recently  has  obtained  them 
in  several  cases  from  the  crypts  of  extirpated  tonsils.  A\'hether  removal  of  the 
tonsils  will  free  the  carriers  of  meningococci  is  still  a  matter  of  conjecture. 

A  third  disease  where  the  virus  may  be  harbored  in  the  tonsil  is  poliomye- 
litis. Rosenow^'  and  his  coworkers  and  Xuzum^"  have  obtained  organisms  from 
the  crypts  of  tonsils  in  patients  with  or  recovering  from  poliomyelitis  which 
resemble  morphologically  and  culturally,  and  produce  the  same  type  of  paralysis 
in  animals,  as  the  cocci  which  they  isolate  from  the  spinal  cord  of  fatal  cases. 
SydelP'  concludes  that  the  tonsils  and  adenoids  may  be  the  portals  of  infection 
for  poliomyelitis.  Their  experiments  suggest  that  the  tonsils  may  act  as  the 
resting  place  for  the  virus.  Flexner^*  states  more  conclusively  that  "the  virus 
of  the  poliomyelitis  has  been  traced  to  the  respiratory  mucous  membrane  of 
healthy  persons  who  may  act  as  carriers  and  has  been  found  in  several  instances 
in  the  tonsils  removed  by  operation  several  months  after  recovery  from  the 
acute  disease,  so  that  the  existence  of  so-called  chronic  carriers  has  also  been 
indicated." 

In  a  general  way  these  examples  suggest  that  the  infectious  organism  or 
virus  of  many  diseases  which  have  as  their  portals  of  entry  the  upper  respiratory 
system,  may  lodge  either  permanently,  or  for  a  long  period  in  the  crypts  of  the 
tonsils,  thus  producing"  the  state  which  we  term  a  "chronic  carrier."  The  removal 
of  the  infected  tonsil  may  aid  materially  in  controlling  such  diseases. 
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LABORATORY  METHODS 


A   RAPID  COLORIMETRIC  METHOD  FOR  ESTIMATING  GLUCOSE  IN 

URINE* 


By  Victor  I.  Isaacson,  B.S.,  New  York  City 


SEVERAL  excellent  methods  are  at  present  in  use  for  quantitatively  deter- 
mining glucose  in  urine.  The  procedure  described  below  is  reported,  how- 
ever, because  it  is  simple  as  well  as  accurate  and  requires  little  skill  and  time. 
The  new  method,  like  many  of  the  older  ones,  depends  upon  the  fact  that  alkaline 
copper  sulphate  solutions  are  reduced  by  glucose  at  higher  temperatures.  The 
quantity  of  copper  sulphate  reduced  is  computed  indirectly  by  determining  the 
amount  left  unreduced.  This  latter  portion  is  measured  in  a  colorimetert  by 
comparing  the  intensity  of  its  blue  ammonia  compound  with  a  standard  solution 
of  the  same  substance. 

Solutions. — The  solutions  used  are:  (1)  Concentrated  ammonia  water. 
(2)  A  solution  resembling  Benedict's  qualitative  sugar  reagent,  containing  34.65 
gm.  copper  sulphate  with  five  molecules  of  water,  100  gm.  anhydrous  sodium 
carbonate  and  100  gm.  sodium  citrate  in  one  liter  of  water.  The  copper  sul- 
phate should  be  dissolved  separately  in  about  200  c.c.  of  water  and  then  added 
to  the  solution  of  the  other  two  reagents  with  stirring.  The  whole  is  made 
up  to  one  liter.    Ten  c.c.  of  this  solution  is  equivalent  to  50  mg.  of  glucose. 

Standards. — Standard  A  is  made  by  measuring  10  c.c.  of  the  solution  just 
described  into  a  25  c.c.  volumetric  flask,  adding  3  c.c.  of  concentrated  ammonia 
water,  diluting  to  the  mark,  and  shaking  until  uniformity  of  intensity  is  insured. 
The  numbers  appearing  to  the  left  of  the  calibrations  on  the  graduated  tube 
(Fig.  2)   give  the  result  directly  in  per  cent  when  working  witli  this  standard. 

Standard  B  is  half  as  strong  and  is  prepared  by  measuring  5  c.c.  of  the 
reagent  into  a  25  c.c.  flask,  adding  3  c.c.  of  concentrated  ammonia,  diluting  to 
the  mark,  and  shaking.  A\'hen  using  this  standard  for  comparison,  the  num- 
bers in  the  right-hand  column  on  the  calibrated  tube  yield  the  answer  directly 
in  per  cent. 

Standard  C  is  intermediate  in  intensity  between  A  and  B  and  is  made  by 
mixing  equal  portions  of  these  two  standards.  The  results  for  this  standard  do 
not  appear  on  the  calibrated  tul)e,  but  may  be  secured  by  dixiding  the  sum  of 
the  two  numbers  at  any  given  point  on  the  tube  by  two.  In  every  case  these 
figures  give  the  quantity  of  glucose  in  the  specimen  directly  in  per  cent  pro\ided 
only  1  c.c.  of  the  specimen  was  used  for  analysis.  For  other  (|uantities  tlio  fig- 
ures read  off  must  be  divided  by  the  number  of  cubic  centimeters  of  urine 
employed.      The   standard   color   solutions   arc   transferred    to   the   ungraduated 
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tubes,  labeled  A,   B,  and  C,   stoppered  tightly,  and   kept 
preferably  in  a  cool  place. 

Teclinic. — Ten  c.c.  of  the  copper  sulphate  solution  is 
measured  into  a  7x//^  inch  test  tube.  Between  10  and  30 
mg.  of  glucose  is  the  most  favorable  quantity  with  which 
to  work.  If  the  qualitative  test  has  indicated  1  per  cent 
or  more  of  glucose,  1  c.c.  of  the  specimen  is  added.  For 
percentages  less  than  one,  it  is  advisable  to  use  3  c.c.  of 
urine;  and  for  percentages  approaching  3.5,  it  is  neces- 
sary to  reduce  the  quantity  used  to  ^  c.c,  to  make  the 
precipitation  quantitative.  Two  glass  beads  arc  added  to 
prevent  bumping,  the  test  tube  is  shaken  and  the  contents 
boiled  for  three  minutes  over  the  free  flame.  About  one- 
tenth  of  a  gram  of  animal  charcoal  is  added,  and  the  solu- 
tion is  filtered  through  a  folded  filter  paper  into  the  grad- 
uated tube,  allowing  the  first  10  to  15  drops  to  flow  back 
into  the  test  tube.  When  all  is  filtered,  the  paper  is 
washed  with  a  few  drops  of  water  repeatedly  until  the 
filtrate  is  colorless.     Three  c.c.  of  concentrated  ammonia 


Fig.   L 


Fig.  I. — Sketch  of  colorimeter,  color  tubes,  and  apparatus  required  in 
the  procedure. 

Fig.  2. — Comparison  tube.  Numbers  in  the  left-hand  column  are  read 
when  working  with  darkest  standard.  Those  in  right-hand  column  for  the 
lightest.  The  average  of  two  figures  on  same  line  gives  answer  for  inter- 
mediate standard. 
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water  are  added  to  the  contents  of  the  tube  to  develop  the  color ;  the  tube  is 
inverted  to  insure  mixing,  and  water  is  added  from  a  medicine  dropper  until 
the  intensity  is  the  same  as  that  of  one  of  the  three  standards.  The  reading 
taken  will  depend  on  the  standard  used. 

Although  there  are  no  steps  that  offer  any  difficulty,  a  few  suggestions  are 
necessary.  The  amount  of  citrate  in  solution  influences  the  intensity  of  the 
blue  color;  the  same  quantity  within  one  gram  should,  therefore,  be  weighed 
out  each  time  more  of  the  reagent  is  prepared.  One  should  make  no  attempt 
to  reduce  the  time  of  boiling  else  the  precipitation  may  not  be  complete.  Care 
should  be  taken  to  refilter  the  first  portion  that  comes  through,  since  the  cloudi- 
ness is  due  to  cuprous  hydroxide  which  dissolves  in  ammonia  and  yields  on  oxi- 
dation a  blue  color  identical  with  that  formed  by  cupric  salts  and  ammonia.  No 
trouble  is  encountered  in  most  cases.  When  the  turbidity  persists,  several  times 
the  quantity  of  animal  charcoal  ordinarily  used  should  be  added.  One  should 
avoid  the  use  of  too  much  wash  water  since  this  may  make  the  filtrate  of  con- 
centrated sugar  solutions  too  light  to  read.  The  ammonia  water  need  not  be 
measured  accurately.  Foaming  may  be  prevented  by  adding  two  or  three  drops 
of  caprylic  alcohol.* 

The  operations  may  be  concisely  summarized  as  follows : 

1.  Pipette  10  c.c.  of  the  reagent  into  a  test  tube. 

2.  Add  y2,  1,  or  3  c.c.  of  urine,  depending  on  concentration. 

3.  Drop  in  2  glass  beads,  shake,  and  ho'd  for  three  minutes. 

4.  Add  about  %o  gram  of  animal  charcoal  and  filter,  refiltering  the  first 
small  portion. 

5.  Add  about  3  c.c.  of  concentrated  ammonia  water  to  the  filtrate,  invert 
several  times  and  compare. 

6.  Read  the  proper  figure,  and  if  a  quantity  other  than  1  c.c.  of  urine  was 
used,  divide  the  figure  by  the  number  of  cubic  centimeters  used. 

A  few  time-saving  devices  have  been  worked  out  for  use  when  several 
analyses  have  to  be  done  at  the  same  time.  A  beaker  of  750  c.c.  capacity  half 
filled  with  water  may  be  used  as  a  heating  agent.  \\'hen  the  reagent  and  speci- 
mens have  been  measured,  the  test  tubes  are  inserted  and  allowed  to  stand  in 
the  beaker  for  four  to  five  minutes  from  the  time  the  ivater  has  begun  to  boil 
vigorously.  Bumping  can  be  prevented  by  introducing  into  the  bottom  of  the 
beaker  a  piece  of  wire  gauze  of  half  inch  mesh  turned  down  at  the  sides.  The 
remaining  steps  are  the  same  as  described  above.  Filtrations  and  washings  can 
be  performed  simultaneously. 

A  method  similar  to  the  one  just  descril)ed  was  proposed  by  Autenrieth  and 
Tesdorpft  in  1910  and  later  modified  by  Eschle.t  They  proposed  the  colorimetric 
measurement  of  the  unreduced  jjortion  of  a  Bang's  copper  sulfate  .solution.  Tlie 
quantities  used,  however,  were  large  (60  c.c),  the  reagents  costly,  and  more- 
over unstable,  autoreduction  taking  ])lace  on  boiling  the  solution.  Considerable 
time  had  to  be  expended  in  standardizing  the  apparatus.  y\mmonia  could  not  he 
used  to  dcvcio])  the  blue  color  and  the  faint  green  color  of  the  copjior  sulphate 

*S|ieciiiicns  vvhicli  contain  albumin  iiinsi  llrst  lie  lioati-ii  and  lillcicil,  siiuc  tlu-  prdlcin  niiidilK-s  llu- 
l)lue  color  to  such   an   extent  as   to   niaki'  comparison   difficult. 

tAutcnrictii,    W.,    and    'J'csdorpf,    Tli.:    Miinclicn.    nicd.    Wclin-iclir..    I'MO.    Ivii.    17S(i. 
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was  not  well  adapted  for  comparisons.  These  difficulties  are  overcome  in  the 
new  procedure  and  a  further  decided  advantage  is  the  use  of  the  same  reagent 
as  a  qualitative  and  quantitative  solution. 

The  results  of  comparative  analyses  made  with  the  new  method  and  by 
the  Pavy-Kumagawa  procedure  are  recorded  in  Table  I.  Analyses  of  pure  glu- 
cose solutions  further  indicate  that  the  new  procedure  is  accurate.  A  1  per  cent 
solution  gave  1.04  per  cent;  a  2  per  cent  solution,  2.04  per  cent,  2.08  per  cent; 
and  a  3  per  cent  solution,  3.07  per  cent,  3.05  per  cent,  3.11  per  cent.  Above  3 
per  cent  the  precipitation  is  not  quantitative  and,  therefore,  it  is  essential  to 
employ  only  Yz  c.c.  of  the  specimen  for  such  concentrations. 

The  same  solution  may  be  employed  as  a  qualitative  reagent.  Either  5  c.c. 
of  the  reagent  and  10  drops  of  urine,  or  10  c.c.  of  the  reagent  and  1  c.c.  of  the 
specimen  should  be  used  to  make  the  test.  The  mixture  should  be  boiled  two 
minutes  over  the  free  flame  or  left  in  a  beaker  of  boiling  water  for  five  minutes. 
The  use  of  10  c.c.  of  the  reagent  and  1  c.c.  of  the  specimen,  both  accurately  meas- 
ured, is  advisable  if  a  quantitative  procedure  is  to  follow,  since  measurements 
need  not  be  repeated.  The  reagent  gives  an  easily  discernible  turbidity  with  a 
0.05  per  cent  pure  glucose  solution.  The  results  of  comparative  qualitative  tests 
made  with  this  and  with  Benedict's  qualitative  sugar  reagent  are  summarized 
below.  It  is  evident  that  its  sensitiveness  as  a  qualitative  solution  enhances  the 
value  of  the  quantitative  procedure. 

A.  Ten  c.c.  new  reagent  and  1  c.c.  of  0.10  per  cent  pure  glucose  solution, 
marked  cloudiness  throughout  solution  in  less  than  a  half  minute  boiling.  Five 
c.c.  Benedict's  reagent  and  1  c.c.  same  glucose  solution,  slight  reddish  precipitate 
after  three  minutes  boiling  but  no  general  cloudiness.  Repeated  with  9  drops 
of  glucose  solution  and  5  c.c.  Benedict's,  boiled  three  minutes,  slight  red  pre- 
cipitate. 

B.  Ten  c.c.  new  reagent  and  1  c.c.  0.05  per  cent  pure  glucose  solution,  one- 
half  minute  after  boiling  commences,  turbidity  is  evident  throughout  the  solu- 
tion. Five  c.c.  Benedict's  reagent  and  1  c.c.  of  the  same  glucose  solution,  several 
specks  of  cuprous  oxide  float  about,  but  they  might  be  easily  overlooked. 

The  following  comparative  tests  were  made  on  urines  of  diabetic  patients. 
All  were  tested  by  using  1  c.c.  of  the  specimen,  10  c.c.  of  the  new  reagent  and 
kept  in  a  steam  bath  for  5  minutes  from  the  time  boiling"  commenced.  The 
quantities  used  for  the  test  according  to  Benedict  were  those  recommended  by 
that  author. 

(a)  G.  Solution    remains    clear  Benedict  negative. 

(b)  B.  Solution  remains  clear  Benedict  negative. 

(c)  P.  Slight  yellow  precipitate  on  standing  Benedict  negative. 

(d)  M.  Very  slight  yellow  precipitate  settles  out                 Benedict  negative. 

on  standing 

(e)  P.  Solution  remains  clear  Benedict  negative. 

(f)  G.  Considerable  green  precipitate  throughout  Benedict  trace. 

indicating  trace 

(g)  S.  Heavy  green  precipitate  after  30  seconds,  Benedict  similar. 

turning  yellow  on  further  boiling 

These  tests  indicate  that  in  no  case  where  a  negative  result  was  obtained 
with  the  new  reagent,  did  Benedict's  reagent  give  a  positive  reaction.     In  cer- 
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lain  instances  of  diabetic  specimens  where  Benedict's  gave  a  negative  result, 
slight  traces  were  discovered  by  the  use  of  the  modified  reagent.  Test  made  on 
urinary  specimens  of  normal  individuals  yielded  negative  results  in  every  case. 
An  explanation  of  the  manner  in  which  the  figures  on  the  graduated  tube 
are  arrived  at  is  now  presented.  The  graduated  tube  (Fig.  2)  has  been  divided 
into  tenths  of  a  cubic  centimeter,  but  in  order  to  save  calculation,  the  figures 
have  been  made  to  read  off  the  answer  directly  in  per  cent,  provided  one  c.c. 
of  the  specimen  is  used  for  analysis.  The  manner  in  which  these  numbers  are 
obtained  is  as  follows  : 

„^        rng.  of  glucose  present  .■  i^„  /i\ 

%  = — 2 5 — ._ fl times  100  (1) 

wt.  of  specimen  in  mg. 

The  numerator  of  this  fraction  is  equal  to  the  amount  of  CuS04 
started  v/ith,  less  the  amount  found  unreduced,  both  exptessed  in 
terms  of  mg.  of  glucose.  The  amount  started  with  is  alwaj^s  the 
same  and  is  equal  to  50  mg.  of  glucose.  The  amount  left  unreduced 
is  equivalent  to  the  number  of  c.c.  to  which  the  filtrate  has  to  be 
diluted  in  order  to  be  of  the  same  intensity  as  that  of  the  standard 
with  which  it  is  being  compared,  multiplied  by  the  value  in  mg. 
of  glucose  of  1  c.c.  of  that  standard. 

The  denominator  will  be  1000,  assuming  1  c.c.  of  urine  is  used. 
For  other  quantities  this  number  will  be  different. 

The  right-hand  side  of  the  equation  therefore  becomes 

50  —  (number  of  c.c,  times  the  value  of  1  c.c.) 

10  (2) 

Putting  for  the  value  of  1  c.c.  of  the  standard  the  letters 
Ka  Kb  Kc  for  standards  A,  B  and  C,  respectively,  we  may  write 
instead  of  equation  2, 

50 —  (number  of  c.c,  times  Ka.  Kb.  or  Kc) 


10  •  (3) 

and  since  Standard  A  contains  copper  sulphate  equivalent  to  50 
mg.  of  glucose  in  25  c.c,  1  c.c.  is  equivalent  to  2  mg.  Similarly  Kb 
is  1  and  Kc  is  IJ/2. 

If  the  unreduced  copper  sulphate  had  to  be  diluted,  for  ex- 
ample, to  20  c.c.  in  order  to  match  Standard  .\,  then  the  answer 
in  per  cent  is  according  to  equation  3, 

50  —  (20  times  2) 

10 =  '» 

and  1  per  cent,  therefore,  appears  where  the  tube  measures  20  c.c. 
If  Standard  B  were  being  used  for  comparison,  the  Kb  being  1,  tlic 
equation  would  read 

50  —  (20  times  1)  _ 

10  -^-^ 

We  find,  therefore,  in  the  right-hand  column  where  the  figures 
for  Standard  H  appear,  the  figure  3.0  at  the  point  where  the  tube 
measures  20  c.c. 

Since  the  tube  measures  25  c.c  al  tiie  iioint  luarlad  ().()' r'  it  may 
be  substituted  for  a  25  c.c  vnhinutric  flask  in  making  tqi  the 
standards. 
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Table  Showing  Results  oe 

Comparative  Analyses 

author's 

PAVY- 
KUjVIAGAWA 

author's 

pavy- 
kumag.wva 

author's 

P.WY- 
KUMAGAWA 

METHOD 

METHOD 

METHOD 

METHOD 

METHOD 

METHOD 

2.79 

0.40 

0.50 

0.92 

2.72 

2.76 

1.76 

1.84 

0.92 

0.93 

1.48 

1.04 

1.44 

1.27 

0.62 

0.58 

1.14 

1.06 

0.48 

8.40 

8.57 

1.34 

0.45 

0.49 

0.88 

0.72 

1.40 

1.47 

1.56 

0.40 

1.52 

1.45 

1.20 

1.32 

0.44 

0.53 

0.72 

1.14 

1.27 

1.36 

0.74 

0.67 

1.12 

1.09 

1.34 

1.27 

0.98 

0.20 

1.00 

0.86 

6.70 

6.70 

0.27 

0.32 

0.22 

3.30 

3.30 

0.36 

0.21 

0.23 

2.10 

2.12 

0.40 

0.33 

1.20 

0.47 

1.20 

1.14 

1.62 

1.64 

0.53 

0.47 

0.48 

1.94 

2.17 

0.24 

0.48 

0.45 

0.20 

0.28 

0.26 

0.24 

0.22 

2.10 

2.00* 

0.21 

0.23 

0.44 

0.52 

2.00 

2.08 

0.57 

0.44 

0.53 

1.08 

0.60 

0.57 

1.14 

1.17 

1.02 

1.03* 

0.23 

1.36 

0.19 

0.20 

5.5 

5.8 

1.44 

1.35* 

0.22 

2.61 

2.46 

1.92 

1.88 

0.22 

0.21 

1.00 

1.08 

0.18 

0.25 

1.80 

0.29 

0.35 

1.78 

1.88 

1.26 

1.27 

1.80 

1.88 

0.70 

1.98 

1.91 

2.61 

2.76 

0.67 

0.73 

1.78 

0.90 

0.87 

1.44 

1.72 

1.82 

1.74 

1.92 

1.40 

1.85 

0.48 

1.00 

0.99 

0.68 

0.45 

0.42 

0.71 

0.74 

2.60 

1.04 

1.05 

1.26 

1.37 

2.57 

2.45 

1.42 

1.50 

1.18 

1.34 

1.40 

0.21 

0.22 

1.22 

1.29 

0.42 

0.53 

6.5 

6.72 

2.20 

2.24 

2.16 

1.42 

1.35 

1.0 

0.86 

*According 

0    Benedict's    quan 

itative   procedure 

SERUM   VEAL  AGAR :   A  DEPENDABLE   SUBSTITUTE   FOR  ASCITIC 

OR  BLOOD  AGAR* 


By  N.  S.  Ferry,  M.D.,  and  Arlyi^e  Nobee,  A.B.,  Detroit,  Mich. 


FOR  reasons  obvious  to  those  interested  in  the  routine  culture  of  a  large  num- 
ber of  organisms,  and  especially  mass  growths,  it  was  necessary  to 
find,  if  possible,  a  substitute  for  ascitic  or  blood  agar.  Consequently  a  large 
number  of  different  media  were  tested  and  it  was  determined  that  a  veal  agar 
(neutral  to  phenolphthalein)  to  which  had  been  added  normal  horse  serum  (or 
any  other  serum)  would  successfully  accomplish  the  purpose. 

It  was  found,  also,  that  the  organisms  would  grow,  in  most  instances,  as 
well,  if  the  peptone  were  omitted  from  the  formula.  This  is  an  exceedingly 
practical  point,  especially  where  large  quantities  of  peptone  are  consumed.  (See 
'Teptone-free  Media  for  Routine  Culture  Work,"  page  298  of  this  issue.) 

FORMULA   FOR  SERUM    VEAE  AGAR 

1.  To  500  grams  of  lean  chopped  veal  add  1,000  c.c.  water.  Macerate  and 
allow  to  stand  in  refrigerator  24  hours.  Strain  through  cheesecloth  and  bring 
to  boil. 

2.  Filter,  add  20  grams  peptone  (this  may  be  omitted),  5  grams  NaCl,  and 
30  grams  finely  chopped  agar-agar. 

3.  Boil  and  adjust  reaction  to  the  neutral  point  with  phenolphthalein  (the 
success  of  the  results  with  the  medium  depends  in  a  large  measure  upon  this 
point). 

4.  Filter  and  pour  into  test  tubes,  3  c.c.  each. 

5.  Sterilize  fractionally,  cool  to  about  45°  C.  and  add  2  c.c.  of  sterile  normal 
horse  serum  to  each  tube.  The  preparation  should  be  about  three  parts  of 
agar  to  two  parts  of  serum. 

ORGANISMS   TESTED 

1.  Diplococcus  pneumoniae,  Types  I,  II  and  III,  cultures  of  which  had 
been  kept  on  whole  blood  (rabbit)  agar.  The  majority  of  these  cultures  had 
recently  been  isolated. 

2.  Streptococcus  viridans  and  hemolyticus,  cultures  of  which  had  been  kept 
on  whole  blood  agar. 

3.  Various  strains  of  streptococci  which  had  been  cultured  on  ascitic  agar. 
The  majority  of  these  were  fresh  cultures  from  tonsils. 

The  following  charts  will  convey  some  idea  of  the  results  of  the  tests. 
The  figures  in  the  charts  are  to  be  interpreted  as  follows : 

1  or   1+  =  Normal   growth   and   is   to  be  considered   first   choice. 
1-  ^  Abundant  growth,  but  not  quite  as  good  as  on  control   nunha. 

2  =  Moderate  growth. 

3  =  Poor  or  slight  growth. 

All  readings  were  made  after  24  hours  at  37.5°  C.     The  cultures  were  then 
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Growth  On 


WHOLE  BLOOD  AGAR 


ASCITIC  AGAR 


SERUM  VEAL  AGAR 


Xiimber  of  genera 
tion  after  experi 
ment  starts 


1st 


2nd 


3rd 


4th 


5th 


1st 


2nd 


3rd 


4th 


5th 


1st 


2nd 


3rd 


4th 


5th 


Number  of  days  in 
ice  chest  between 
transphmts 


14 


17 


14 


17 


14   17 


No 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
15 
16 
17 
18 
19 


Pneumococcus 
Type 

I 

Ill 

I 

II 

Ill 

IV 

Ill 

I 

II 

Ill 

I 

II 

I 

I 

I 

I 


2  . 

3 

2 

1 
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1 

1 

3 

1 

2 

2 

2 

2 

2 

1 

2 

1 

1 

1 

- 

3 

3 

- 

3 

2 

- 

1 

2 

1 

3 

3 

- 

2 

1 

3 

2 

2 

- 

3 
3 
3 

3 
2 
3 

- 

2 

2 

1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

3 

2 

2 

2 

2 

1 

1 

2 

1 

1 

1 

2 

1 

3 

2 

2 

3 

2 

2 

3 

2 

2 

Growth  On 


ASCITIC  AGAR 


SERUM  VEAL  AGAR 


Number  of  generation 
after  experiment 
starts 


1st 


2nd 


3rd 


4th 


>th 


1st 


2nd 


3rd 


4th 


5th 


Number  of  days  in  ice 
chest  Ijetween  trans- 
plants  


14 


14 


14 


21 


14 


14 


14 


21 


Streptococcus   fro  m 
tonsils 

No.  1  (a) 

Kb) 

3  (a) 

3(b) 

13 

14 

15 

22 

33 

43 

45 

56  (a) 


+ 


2 

1- 

2 
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l)laced  in  the  refrigerator,  as  lias  been  the  routine  custom  for  ascitic  or  blood 
agar  cultures,  for  the  time  indicated  on  the  charts,  ranging  from  four  to  seven- 
teen days. 


Growth  Ox 


WHOLE   BLOOD  AGAR 


ASCITIC   AGAR 


SERUM    VEAL    AGAR 


Number  of  genera- 
tion after  experi- 
ment starts 

Number  of  days  in 
ice  chest  between 
transplants 

Streptococcus    viri 
dans 

No.  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Streptococcus  hem- 
olvticus 

No.  1 

i 

3 

4 

.5 

6 

7 

8 

9 

10 

11 

li 


1st 


2nd  3rd 


-tth 


5th 


1st     2nd 


3rd    4th 


5th 


1st 


2nd 


3rd 


4th  I   5th 


14 


6         14 


14 


14 


21 


14   I     6 


14       14     14 


21 


14 


14 


14    1421 


1  + 
1 
1 
1 
1 
1 
1 
1 

1- 
1 


1 


COXCLUSIOXS 

1.  Cultures  of  diphjcoccus  pneumonicC  grcjw  as  well  on  scrum  veal  agar, 
after  the  second  generation,  as  on  whole  blood  agar  and  far  better  than  on 
ascitic  agar.  These  cultures  lived  longer  on  serum  veal  agar  at  refrigerator 
temj)erature,  without  transplanting,  than  on  whole  blood  agar  or  ascitic  agar. 
After  two  weeks  four  out  of  sixteen  cultures  on  whole  blood  agar  and  ten  out 
of  sixteen  on  ascitic  agar  were  dead,  while  all  on  serum  veal  agar  were  alive 
after  seventeen  days,  and  grew  well  wlien  transplanted  on  ihc  same  media. 

2.  Cultures  of  streptococci  grew  as  well  and  lived  as  long  on  scrum  \  cal 
agar  as  on  whole  blood  agar  and  better  than  on  ascitic  agar. 

3.  Serum  \eal  agar  (veal  agar,  2  ])er  cent  jjcplonc,  neutral,  plus  normal 
horse  serum)  can  be  used  for  maintaining  cultures  of  most  organisms  ordinarilv 
kept  on  ascitic  or  whole  1)lood  agar. 


PEPTONE-FREE  MEDIA  FOR  ROUTINE  CULTURE  WORK^ 


By  N.  S.  Ferry,  M.D.,  and  ArIvYi.e;  Noble,  A.B.,  Detroit,  Mich. 


AS  a  result  of  some  experiments  which  necessitated  the  use  of  cuhure  media 
prepared  without  peptone,  it  was  found  that  the  organisms  under  observa- 
tion grew  as  luxuriantly  as  on  standard  media,  suggesting  the  possibility  of 
employing  such  media  for  routine  purposes.  It  was  determined,  therefore,  to 
give  the  method  a  comprehensive  trial,  as  it  involved  a  question  of  practical 
nature,  especially  to  laboratories  where  large  quantities  of  media  are  consumed 
daily. 

Ten  different  kinds  of  media  were  prepared  without  peptone,  part  of  them 
neutralized  and  part  made  1.0  per  cent  acid,  phenolphthalein  being  used  as  the 
indicator. 

1.  Liebig's   Ext.   bouillon — without   peptone — neutral. 

"       —1.0%  acid. 

— neutral. 
"       —1.0%  acid. 
"       —neutral. 
"       —1.0%  acid. 

— neutral. 
"       —1.0%  acid. 

— neutral. 
"       —1.0%  acid. 

A  large  variety  of  organisms  was  grown  on  the  above  media,  culturing  for 
several  generations  both  freshly  isolated  strains  and  strains  of  various  ages. 
For  comparison,  the  same  strains  were  grown  on  the  standard  media  with  \\' itte's 
peptone. 

A  tabulation  of  some  of  these  results  is  given. 

The  figures  in  the  charts  are  to  be  interpreted  as  follows : 

1+  =  Better  than  normal    (on  control   media). 

1  =  Normal,  abundant  growth;   first  choice    (except   for  an  occasional   1+). 
1-  =:  Abundant  growth,  but  not  quite  normal ;   second  choice. 

2+  =  Abundant  growth  ;   third  choice. 

2  and  2-  =   Moderate   growth. 

3  =  Poor   growth. 

4  =  Very  slight  growth. 

When  two  or  more  culture  media  are  represented  by  the  same  figure,  it 
indicates  that  there  was  no  choice  between  them. 

All  results  were  read  at  the  end  of  twenty-four  hours.  With  each  organism 
several  generations  were  watched,  not  only  in  the  incubator,  but  also  at  5°  C, 
so  that  the  conclusions  were  not  arrived  at  after  a  single  generation  at  37°  C. 


2. 

" 

3.  Beef 

bouillon 

4.      " 

•' 

5.      " 

agar 

6.      " 

" 

7.  Veal 

bouillon 

8.     " 

(( 

9.      " 

agar 

10.      " 

" 
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Growth  In  Bouillon 


media  with 

witte's 

PEPTONE 

MEDIA    WITHOUT    PEPTONE 

ORGANISMS 

Plain 
Bouillon 

Liebig's    Ext. 
Bouillon 

Veal  Bouillon 

Beef  Bouillon 

1.0^0  Acid 

Xeut- 
ral 

1.0  <T 
Acid 

Neutral 

1.0%  Acid 

Neutral 

1.0%  Acid 

1st 
gen. 

2nd 

4th 

1st 
gen. 

1st 

1st 
gen. 

2nd 

4th 

lst|2nd 

4th 

1st 

2nd  1 4th 

lst|2nd|4th 

Staphylococcus  aureus 
Staphylococcus  citreus 
Staphylococcus  albus . 

B.  pyocyaneus 

B.  coli 

B.  paracoli 

B.  typhosus 

B.  paratyphosus  A.. .  . 
B.  paratyphosiLs  B.  .  . 
Streptococcus 

2- 

1- 

3 
3 

3 
3 
3 
3 

4 

4 
4 

4 

4 
4 

4 
4 

1+ 

1+ 

1 
1 

1^ 

1- 

I- 

1 
1+ 

1+ 
1+ 

1- 

1- 

|: 
i: 

1 

1- 

1- 

1 

1- 

1 

1 

1 
1 

1- 
1 

2- 

fi 

I* 

1- 

1 

2+ 

2+ 

1^ 

1- 
1- 

1 

1- 

2+ 

1- 

1 

1st  generation  planted  from  24-hour  growths  on  agar  into  the  above  bouillons. 
2nd  transplanted  from  the  24-hour  bouillon  growths. 

4th  transplanted  from  third  generation  after  being  grown  24  hours  and  then  placed  in  ice  chest  for 
48  hotirs. 

Growth  ox  Ag.\r 


ORGANISMS 


media  with 
witte's 

PEPTONE 


Plain  Agar 


1.0';c  Acid 


1st 


;2nd 


4th 


media   without   PEPTONE 


Veal  Agar 


Neutral 


1st     2nd  4th 


1.0^^  Acid 


1st     2nd  4.th 


Beef  Agar 


Neutral 


Lst 


2nd 


4th 


1.0%  Acid 


1st 


2nd 


■1th 


Staphylococcus  aur- 
eus  

Staphylococcus  cit- 
reus  

Staphylococcus  al- 
bus  

B.  pyocvaneus 

B.  coli..'^ 

B.  paracoli 

B.  typhosus 

B.  paratyphosus  A. . 

B.  paratyphosus  B . . 


Streptococcus. 


15.  ilipht hcria( 


Asrifir  A(i(ir 

I  I      1    l'    1 

Lorffhr's 
Blood  Scrum 

II  II      1- 


1 

1 

1- 

1 

1 

1 

1- 

1 

1 

1 

1- 

1- 

1 

1 

1 

1 

1 

1 

1 

1- 

1 

1 

1- 

1 

1 

1 

1- 

1- 

1 

1 

1 

1- 

1 

1 

1- 

1- 

1 

1 

3 

!2+ 

1 

1 

'2. 

2 

1- 


2+: 


1 

1 

1- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1- 

1 

1- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1- 

1 

1- 

1 

1 

1 

1 

1 

2+ 

1- 

1- 

1- 

2+ 

1- 

1- 

2+ 

1- 

1- 

1- 


1st  generation  transplanted    from  24-hour  growths  on  plain,  ascitic  and  Loefflor's  Blood  serum 

agar. 
2nd  generation  transj)lantcd  from  first  after  24  hours. 
4th  generation  transp!ant<'d  from  third  after  being  grown  2  !•  hoiii's  :inc|  I  lien  |)lacei|  in    ice   ciiest 

for  (i  (lays. 

CONCEUSIOXS 


1.  On  peptone-free  agar  all  cultures  which  arc  ordinarily  .^rown  on  standard 
plain  agar  did  so  well  that  it  \va<  dilTunilt  Id  choose. 
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2.  For  the  majority  of  cultures,  veal  broth  media  gave  better  results  than 
beef  broth,  both  with  and  without  agar. 

3.  Both  veal  and  beef  broth  gave  far  better  results  than  Liebig's  beef  extract. 

4.  Throughout  the  whole  experiment  the  neutral  media  gave  better  results 
than  the  1.0  per  cent  acid. 

5.  Therefore,   for  organisms  wlijch  grow   readily  on   standard  plain   agar, 
neutral  \ea.\  or  beef  media,  without  peptone,  can  be  substituted. 


A   SIMPLE  TEST  FOR   GLYCURONATES   IN  THE   URINE 


By  Fritz  C.  Asklnstedt,  M.D.,  Louisville,  Ky. 


AS  a  result  of  the  activities  of  the  intestinal  flora  a  number  of  toxic  products 
of  the  aromatic  series,  such  as  indol,  skatol,  cresol,  and  phenol,  are  to  be 
found  in  greater  or  lesser  amounts  in  the  human  intestine.  Much  of  these  prod- 
ucts is  eliminated  with  the  feces,  while  a  part  becomes  absorbed  into  the  portal 
circulation.  The  toxic  action  of  these  aromatic  bodies  is  neutralized  by  con- 
jugation with  sulphuric  acid  or  with  glycuronic  acid  in  the  liver.  Thus  are 
formed,  on  the  one  hand,  indoxyl-glycuronic  acid,  skatoxyl-glycuronic  acid,  cre- 
sol-glycuronic  acid,  phenol-glycuronic  acid ;  and,  on  the  other,  corresponding 
combinations  with  sulphuric  acid,  the  so-called  ethereal  sulphates.  That  a  part 
of  these  absorbed  basic  substances  is  destroyed  by  oxidization  seems  probable, 
another  part  undergoes  dififerent  chemical  transformations  (hippuric  acid,  indol- 
acetic  acid,  etc.),  but  the  largest  portion  is  excreted  by  the  kidneys  as  above 
ethereal  sulphates  and  glycuronates. 

Except  in  cases  of  nephritis,  indicanuria  affords  a  fair  index  to  the  absorp- 
tion of  indol,  which  is  formed  from  tryptophan  mainly  in  the  lower  small  in- 
testine, but  it  bears  no  direct  relation  to  the  absorption  of  phenol,  whose  forma- 
tion from  tyrosin  in  the  colon  is  usually  slightly  in  excess  of  that  of  indol. 
\\  hile,  as  a  rule,  an  excessive  indol  formation  is  attended  by  an  excessive  pro- 
duction of  all  the  other  above  mentioned  putrefactive  products,  it  will  readily  be 
seen  that  owing  to  a  difference  in  the  character  of  the  protein  ingested,  and  pos- 
sibly to  a  difference  in  the  location  of  an  intestinal  lesion  impeding  peristaltic 
propulsion,  the  quantitative  relation  between  the  indol  and  the  phenol  produc- 
tions may  present  considerable  variations.  As  evidence  of  intestinal  putrefac- 
tion— barring  cases  of  putrefactive  abscesses — a  urinary  test  that  will  indicate 
the  absorbed  quantity  of  these  two  or  more  benzene  derivatives  is,  therefore, 
ordinarily  of  greater  utility  than  the  test  which  represents  but  one  factor.  For 
such  a  purpose  Folin's  test  for  ethereal  sulphates  stands  unchallenged  in  scien- 
tific value,  but  its  execution  demands  considerable  time,  technic,  and  equipment, 
which  necessarily  confines  its  use  to  the  larger  laboratories.  The  glycuronates, 
which  are  capable  of  intense  color  reactions,  are  better  suited  for  simple  clin- 
ical tests.  After  some  years  of  experimentation  with  Goldschmiedt's  and  Clif- 
ford Mitchell's  reagent,  alpha-naphthol    (Modern  Urinology),  I   feel  warranted 
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in  presenting  the  following-  test  for  glycuronates,  which  combines  simplicity 
with  a  fair  degree  of  accuracy  : 

The  urine  to  be  examined  is  diluted  with  water  until  its  specific  gravity 
is  reduced  to  1.001.  For  example,  if  the  urine  has  a  sp.  gr.  of  1.015  (correc- 
tion being  made  for  temperature),  dilute  1  c.c.  of  urine  with  14  c.c.  of  water; 
if  the  sp.  gr.  is  1.021,  dilute  1  c.c.  with  20  c.c.  of  water.  (Diabetic  urine  should 
be  diluted  until  its  urea  content  is  0.1  per  cent.)  To  10  c.c.  of  the  diluted  urine 
in  a  test  tube  add  one  or  two  drops  of  a  1  per  cent  solution  of  alpha-naphthol 
in  glycerin  (alcohol  impairs  the  test),  and  then  10  c.c.  hydrochloric  acid,  sp.  gr. 
1.19.  Mix  by  turning  the  tube  over  once  or  twice.  Then  let  the  tube  stand  in 
a  dark,  cool  place  for  about  twelve  hours,  after  which  the  reaction  is  noted  in 
reflected  light.  This  is  best  done  by  holding  a  white  surface,  as,  for  example, 
a  white  blotter,  behind  the  tube.  Normally  the  fluid  w'ill  remain  colorless  or 
show  a  mere  suggestion  of  blue.  If  glycuronates  are  present  in  excess,  there 
will  appear  a  proportionate  blue  color,  tinged  with  red.  The  depth  of  the  color 
may  be  denoted  by  the  customary  use  of  plus  signs,  medium  blue,  the  deepest 
color  observed  in  the  above  dilution,  being  designated  with  +-+4.  If  greater 
accuracy  of  estimation  is  desired,  a  standard  solution  of  indigo  blue,  contain- 
ing some  indigo  red,  in  sulphuric  acid,  may  be  employed  by  dropping  it  into 
another  test  tube  of  the  same  size,  containing  20  c.c.  of  water.  The  tube  re- 
ceiving the  standard  solution  is  turned  over  after  each  drop  is  added  and  com- 
parison of  the  two  tubes  is  made,  this  procedure  being  continued  until  the  near- 
est likeness  of  color  is  obtained,  when  the  number  of  drops  added  is  recorded. 
In  twenty-four  hours,  or  later,  a  slight  cloudiness,  with  fading  of  color,  appears, 
ultimately  forming  a  sediment. 

This  test  proves  less  sensitive  to  contaminating  gases  in  the  laboratory  than 
do  the  indigo  tests  for  indican.  The  slow  reaction  is  its  greatest  disadvantage. 
Heating  the  mixture  destroys  or  seriously  impairs  the  reaction.  Diabetic  urine 
responds  normally  to  the  test,  except  that  the  blue  color  assumes  a  somewhat 
muddy  hue.  \\'hen  first  stale  the  urine  reacts  more  promptly  to  the  test  than 
when  fresh,  but  since  by  the  action  of  putrefactive  bacteria  glycuronic  acid  is 
decomposed,  and  since  certain  compounds,  as  menthol-  or  thymol-glycuronic 
acid  have  been  found  to  undergo  spontaneous  disintegration,  the  m-ine  should 
preferably  be  fresh  when  tested. 

Pentose  in  the  urine  may  possibly  give  a  bluish  reaction.  As  T  have  been 
unable  to  procure  any  form  of  j)entose  in  the  market  for  expcrinienlal  i)urposes, 
I  can  not  at  present  produce  any  evidence  bearing  on  this  question.  However, 
since  pentosuria  is  a  rare  condition,  and  acute  cases  can  usually  be  axoided  by 
having  the  patient  abstain  for  a  few  days  from  fruit,  fruit  juices,  and  lualt 
liquors  in  the  diet,  it  can  not  seriously  detract  from  the  value  of  the  test.  More- 
over, a  difiference  in  the  behavior  of  glycuronates  and  that  of  pentoses  in  the 
orcin  test*  will   reveal   the  presence  of  i)cntosuria   when  suspected. 

The  presence  of  nitrites  in  llu'  mine  will  inhibit  the  reactinn  of  glycuronates, 


*Tlie  urine  is  tuixed  witli  an  e(|ual  vulnnic  of  CDncvnlraliii  liydrocliloric  acid,  a  few  small  crystals  of 
orcin  are  added  and  tlie  inixtiuc  is  then  licated.  As  soon  as  tlie  fluid  l)econu-s  Kreen  or  bluish  Rrceu,  it  is 
cooled  until  lukewarm   and  shaken   with  aniyl   alcohol,  which   will   reiuler   it   bluish  Rreen    (positive   reaction). 

Solutions  of  Klycuronates,  unlike  pentoses,  do  not  react  to  the  orcin  test  directly,  but  oidy  after  the 
glycuronates  have  been  (lisinteRrated  by  boiliuK  with  an  acid  and  their  reaction  is,  therefore,  several  inin- 
iites  tardier.      (Olof   ll.iminarsten.   I'ysiol()t;isk    Koiui.   ed.    2,   iSS,   3.S9.) 
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but  ma}'  be  suspected  by  their  giving  to  the  test  fluid,  immediately  upon  adding 
the  hydrochloric  acid,  a  light  yellow  tint. 

It  must  be  kept  well  in  mind  that  the  production  and  excretion  of  gly- 
curonates  are  greatly  augmented  by  ingestion  of  the  following  drugs,  the  toxicity 
of  which  becomes  neutralized  by  paring  with  glycuronic  acid :  chloral  hydrate, 
camphor,  turpentine,  morphine,  menthol,  arsenic,  acetanilide,  antipyrin,  benzol, 
chloroform,  curare,  hydroquinone,  naphthalin,  phenol,  resorcin,  salicylic  acid, 
salol,  sulphonal,  trional.  and  thymol.  These  remedies  should,  therefore,  not  be 
employed  before  the  urine  is  collected  for  examination.  It  seems  probable  that 
a  comparison  of  the  reaction  for  glycuronates  with  the  result  of  a  reliable  indi- 
can  test  will  afford  a  valuable  indication  in  cases  of  suspected  poisoning  with 
any  of  the  above  drugs,  but  opportunities  for  a  clinical  demonstration  of  this 
suggestion  have  not  been  afforded  me. 

The  statement  made  by  Schmiedeberg  that  glycuronates  are  formed  only 
when  sulphur  is  no  longer  available  to  the  liver  for  the  production  of  ethereal 
sulphates,  seems  incorrect,  for  glycuronates  can  always  be  demonstrated  in  un- 
diluted urine,  even  when  indican  is  absent. 

In  estimating  the  clinical  value  of  the  test  it  must  be  remembered  that  the 
excretion  of  an  unusual  amount  of  glycuronates  or  indican  may  be  consistent 
with  health.  So  long  as  the  liver  is  functionally  adequate  to  neutralize  the  entire 
amount  of  the  toxic  materials  brought  to  it  by  the  portal  vein,  little  or  no  harm 
results,  but  a  constant  overstimulation  of  any  function  of  the  body  tends  to  ulti- 
mate insufficiency,  and  a  constant  excessive  production  of  indican  and  glycuro- 
nates is  a  positive  signal  of  present  or  approaching  danger. 


AN  ANTIGEN  FOR   USE  IN  COMPLEMENT  FIXATION  IN 

XUBERCULOSIS* 


By  Moyer  S.  FlEisher,  M.D.,  and  George  Ives,  M.D.,  St.  Louis,  Mo. 


IT  is  not  our  intention  to  report  here  on  the  clinical  value  of  this  antigen  or 
to  discuss  the  significance  of  the  complement-fixation  reaction  in  tuberculosis. 
We  desire  only  to  present  this  antigen  and  state  some  reasons  for  our  belief  that 
it  has  a  definite  value  in  the  recognition  of  tuberculous  infection.  The  method 
of  preparing  the  antigen  is  as  follows : 

Tubercle  bacilli  are  isolated  and  grown  from  sputum  on  Petroff's  medium. 
When  the  cultures  show  an  abundant  growth,  forming  definite  raised  masses, 
the  organisms  are  scraped  from  the  surface  of  the  medium  with  a  heavy  plati- 
num wire.  It  takes  from  four  to  eight  Aveeks  for  the  growth  to  become  suffi- 
ciently abundant.  The  tubes  of  media  are  plugged  in  the  ordinary  manner. 
Every  few  days  a  portion  of  a  cubic  centimeter  of  water  is  added  to  the  tubes. 
In  all  cases  a  number  of  different  strains  of  organisms  are  used  in  making  one 
antigen,  and  the  number  has  varied  from  four  to  ten  strains. 

*From  the  Department  of  Pathology  and  Bacteriology,  St.  Louis  University  School  of  Medicine,  and 
the  Clinical  Lahoratory  of  George  Ives. 
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The  organisms  are  placed  in  a  sterile  open  Petri  dish  or  watch  glass  and 
allowed  to  dry  overnight  in  a  bacteriologic  incubator  at  37°  C.  It  is  not  neces- 
sary to  keep  the  mass  of  tubercle  bacilli  free  of  contamination,  but  contamina- 
tion should  be  avoided  as  much  as  possible.  The  partially  dried  bacteria  are 
weighed  and  then  placed  in  a  large,  sterile,  clean  mortar.  They  are  ground  for 
three  to  four  hours,  vigorously  and  constantly.  From  time  to  time  during  the 
grinding,  a  scalpel  is  used  to  scrape  the  bacterial  mass  from  the  sides  of  the 
mortar  and  from  the  pestle.  A  few  drops  or  as  much  as  1  c.c.  of  sterile  dis- 
tilled water  is  added  when  necessary  to  keep  the  mass  of  the  proper  consistency. 
Addition  of  sufficient  water  to  make  a  fluid  mass  should  be  strictly  avoided. 

After  grinding  the  necessary  length  of  time,  0.85  per  cent  sodium  chloride 
solution  is  added  little  by  little,  and  the  grinding  is  continued  until  the  bacteria 
or  remains  of  the  bacteria  form  an  even  suspension  in  the  diluent.  Sufficient 
of  the  sodium  chloride  solution  is  added  to  make  a  0.5  per  cent  suspension  of 
bacteria.  To  this  there  is  added  an  amount  of  5  per  cent  carbolic  acid  equal  to 
one-tenth  the  volume  of  the  sodium  chloride  solution. 

The  finished  antigen  is  dense,  grayish,  and  opaque.  The  bacterial  bodies 
and  suspended  cell-remains  settle  to  the  bottom,  if  the  suspension  is  allowed  to 
stand.  The  supernatant  fluid  is  very  slightly  opalescent.  Before  use  the  antigen 
should  be  shaken  so  that  the  solid  parts  are  again  brought  into  suspension. 

In  the  making  of  the  antigen  the  most  important  step  is  the  grinding.  It 
has  been  demonstrated  that  less  than  several  hours  of  proper  grinding  gives 
an  antigen  which  is  worthless  or  at  least  too  weak  for  use  in  the  method  of 
complement  fixation  which  we  have  used.  Possibly  if  the  grinding  is  continued 
for  a  longer  time  than  we  recommend,  a  more  efficient  antigen  may  be  obtained. 

The  considerations  which  underlie  the  first  attempts  to  make  this  antigen 
are  largely  theoretic.  It  seemed  from  a  review  of  the  literature  that  of  all  anti- 
gens used  previous  to  the  middle  of  1915,  the  bacillary  emulsions  or  antigens  sim- 
ilar to  these  had  given  the  more  favorable  results,  with  the  possible  exception 
of  Besredka's  antigen.  It  further  appeared  that  there  exist  in  the  tubercle 
bacillus  several  partial  antigens;*  that  different  constituents  of  the  tubercle 
bacillus  call  forth  different  antibodies  which  appear  in  the  blood  of  the  tuber- 
culous individual  at  varying  periods  and  in  varying  quantities.  In  preparing 
an  antigen  for  the  complement-fixation  test,  one  should  therefore  attempt  to 
obtain  in  that  antigen  all  the  various  antigenic  constituents  of  the  tubercle 
bacilli.  Neither  an  extract  nor  a  filtrate  do  in  all  probability  contain  all  these 
antigens.  Although  living  and  morphologically  unmodified  tubercle  bacilli  do 
contain  them,  in  complement-fixation  reactions  they  are  possibly  prevented  from 
union  with  their  corresponding  amboceptors  of  the  patient's  serum  by  the  waxv 
capsule  of  the  bacillus.  By  grinding  we  may  liberate  water  soluble  antigenic 
constituents.  If  the  theoretical  considerations  u|)on  which  this  antigen  was 
first  prepared  are  sujiportcd  by  experiment,  it  nuist  be  concluded  that  this  anti- 
gen is  not  included  in  the  classification  of  antigens  given  by  Miller.^  \\'e  hoped 
to  prepare,  and  evidence  given  lielow  seems  to  indicate  that  we  did  prepare,  an 
antigen    which    is   both    a    sus])ension   and    a    watery    extract    of    lubercle    bacilli. 

We  know  that  parasitic  organisms  may  lose  their  \irulence,  and  cliangt'  in 

•For   the   present  discussion,   we   accept   tlie   correctness    of   the   views   of   IVIueli    .imiI    Deveke. 
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their  biological  characteristics  in  other  ways  when  they  are  cultivated  on  arti- 
ficial media  for  several  generations.  This  change  in  function  is  probably  indic- 
ative of  a  change  in  metabolism,  and  probably  of  chemical  composition.  If, 
therefore,  one  desires  to  use  as  an  antigen  an  organism  as  nearly  as  possible 
identical  with  the  bacteria  acting  in  the  human  body,  it  is  essential  to  use  an 
organism  freshly  isolated  from  the  human.  The  use  of  the  freshly  isolated 
tubercle  bacillus  grown  on  Petroff's  medium  represents  the  simplest  means  of 
realizing  the  desired  end. 

It  appeared  furthermore  that  in  order  to  obtain  an  antigen  containing  sub- 
stances differing  as  little  as  possible  from  those  of  the  actively  pathogenic  or- 
ganisms, it  would  be  necessary  to  avoid  subjecting  the  bacilli  to  any  agent  which 
might  lessen  or  destroy  their  antigenic  qualities.  \\'e  know  that  coagulation 
such  as  may  be  effected  by  heat,  and  coagulation  such  as  may  be  brought  about 
by  some  germicides,  changes,  at  least  in  a  small  degree,  the  reactive  properties 
of  most  antigens.  Because  of  this  consideration,  the  organisms  were  not  killed 
nor  modified  in  any  manner  before  they  were  used  for  grinding.  The  use  of 
several  strains  of  tubercle  bacilli  in  making  the  antigen  is,  of  course,  logical 
from  the  point  of  view  of  the  individuality  of  various  strains  of  organisms. 

We  are  quite  willing  to  admit  the  possibility  that  these  theoretic  considera- 
tions, which  determined  the  method  of  making  this  antigen,  may  not  have  the 
significance  that  we  attach  to  them.  Whether  the  use  of  freshly  isolated  organ- 
isms, the  avoidance  of  changing  the  bacilli  in  a  manner  or  degree  other  than 
that  involved  in  our  method,  the  use  of  several  strains  of  organisms,  or  the 
use  of  the  entire  organism,  are  essential  considerations  in  the  production  of  the 
most  suitable  antigen,  must  be  determined  by  further  experiment. 

The  power  of  our  antigen  to  fix  complement  in  the  presence  of  the  sera  of 
tuberculous  individuals  resides,  not  only  in  the  entire  antigen,  but  in  both  the 
clear  supd\-natant  fluid  and  in  the  suspended  matter.  In  an  experiment  with  a 
series  of  cases  in  which  parallel  tests  were  made  using  as  antigens  the  super- 
natant fluid  as  one  antigen  and  the  entire  antigen  as  the  other,  corresponding 
results  were  obtained.  The  supernatant  fluid  is  a  suitable  antigen,  but  it  is 
weaker  than  the  entire  antigen.  This  experiment  in  itself  would  seem  to  dis- 
tinguish this  antigen  from  the  Miller^  antigen  which  according  to  Corper- 
shows  little  or  no  antigenic  properties  in  its  fluid  portion.  While  the  first  antigen 
made  by  this  method  was  produced  in  February,  1916,  and  while  it  was  tested 
out  in  a  few  cases  at  that  time,  it  was  not  until  late  in  that  year  that  extensive 
work  was  taken  up  with  this  antigen  by  one  of  us  (George  Ives)  and  sufficient 
cases  were  collected  to  warrant  a  definite  idea  of  its  value. 

\\^e  believe  that  one  can  obtain  with  this  antigen  results  equal  to  those  ob- 
tained with  any  of  the  antigens  which  have  been  proposed  by  others.  A  series 
of  cases  have  already  been  reported,^  and  since  the  publication  of  this  report, 
a  large  number  of  tests  have  been  performed  which  yielded  results  closely 
paralleling  those  of  the  reported  series. 

Comparing  our  results  and  interpretation  of  the  test,  we  find  ourselves  in 
close  harmony  with  Bronfenbrenner*  and  McCaskey.^  The  close  parallelism  be- 
tween the  results  of  the  complement-fixation  test  for  tuberculosis  and  clinical 
findings  which  have  been  reported  by  Miller^  and  Craig*'  we  believe  may  well 
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not  exist  when  a  delicate  test  is  applied  for  the  recognition  of  tuberculosis.  The 
very  nature  of  tuberculosis  teaches  us  that  such  a  parallelism  can  not  exist 
when  the  test  is  applied  to  a  large  group  of  individuals.  The  most  striking  in- 
stance of  this  lack  of  parallelism  between  clinical  and  serologic  findings  occurs 
in  sv[)hilis.  In  our  unpublished  data  we  find  that  over  50  per  cent  of  syphilitics 
with  a  positive  \\'assermann  give  a  positive  complement-fixation  test  for  tuber- 
culosis. Most  of  these  are  cases  of  latent  syphilis,  and  very  few  of  them  pre- 
sent any  symptoms  suggestive  of  tuberculosis. 

A\'e  believe  that  this  antigen  possesses  two  further  merits  which  have  not 
been  claimed  for  other  antigens.  First,  owing  to  the  addition  of  carbolic  acid, 
it  is  sterile  and  remains  sterile;  second,  it  is  stable,  changing  little  if  at  all  in 
its  antigenic  titer  over  a  long  period  of  time.  At  least  one  sample  of  antigen 
gave  excellent  results  when  used  over  a  year  after  its  preparation,  and  none 
of  several  antigens  have  shown  deterioration  after  considerable  lapses  of  time. 

There  is  one  other  consideration  which  may  give  further  evidence  of  the 
value  of  this  antigen.  For  the  past  several  months  in  the  performance  of  the 
complement-fixation  test,  we  have  altered  our  technic  and  now  titrate  both 
complement  and  amboceptor  each  time  the  test  is  performed.  We  use  a  method 
of  titration  based  upon  a  suggestion  of  Williamson.''  ^^'e  use  in  the  test  1.5 
units  of  complement  and  two  units  of  amboceptor.  A\'e  use  heated  patient's 
serum.  Possibly  our  technic  is  not  so  delicate  as  that  of  the  majority  of  workers 
in  this  field.  If  this  is  true,  and  if  it  be  proved  that  our  results  with  the  com- 
plement-fixation test  are  as  reliable  as  the  results  of  those  who  use  a  more 
delicate  technic,  then  it  would  appear  that  we  have  used  a  more  sensitive  antigen. 
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EDITORIALS 


Goldberger's  Studies  of  Pellagra 

FOR  some  years  the  United  States  Public  Health  Service  has  carried  on  an 
investigation  into  the  etiology  and  epidemiology  of  pellagra  and  this  work 
has  been  done  largely,  at  least  recently,  under  the  direction  of  Goldberger.  When 
this  investigator  began  his  inquiries,  he  was  impressed  with  the  following  facts 
so  forcibly  that  they  determined  the  direction  of  his  investigations. 

It  is  the  unanimous  testimony  of  all  who  have  observed  and  written  about 
this  disease  that  there  is  no  evidence  that  it  is  ever  transmitted  to  nurses,  phy- 
sicians, or  attendants.  In  Italy  where  the  disease  has  long  been  known  and  where 
special  institutions  have  been  provided  for  pellagrins,  such  transmission  is  un- 
known or  at  least  unrecorded.  No  precautions  have  been  taken  to  avoid  trans- 
mission and  still  it  has  not  occurred.  This  is  confirmed  by  those  who  have 
made  observations  in  this  country.  This  seems  to  be  admitted  by  all,  even  those 
who  still  claim  that  it  is  of  bacterial  or  protozoal  origin.  Siler  and  Nichols, 
who  studied  the  outbreak  in  the  Peoria  State  |Hospital  some  years  ago,  stated 
that  no  nurse,  attendant,  or  employee  of  the  institution  at  any  time  showed  any 
evidence  of  the  disease.     In  the  Georgia  State  Sanitarium,  where  the  sanitary 
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conditions  have  never  been  the  best  and  where  many  of  the  wards  are  infested 
with  cockroaches  and  bedbugs,  and  where  this  disease  frequently  develops  among 
the  patients,  there  has  never  been  a  case  among  physicians,  nurses,  attendants, 
or  employees.  This  holds  good  for  other  southern  insane  asylums,  such  as  the 
South  Carolina  and  Mississippi  State  Institutions. 

Impressed  by  these  facts,  Goldberger  wrote  in  li914  as  follows:  "In  con- 
sidering the  significance  of  the  foregoing  observations,  it  is  to  be  recalled  that 
at  all  of  these  institutions  the  ward  personnel,  nurses  and  attendants  spend  a 
considerable  portion  of  the  twenty-four  hours  on  day  or  night  duty  in  close 
association  with  the  inmates;  indeed,  at  many  of  these  institutions  for  lack  of 
separate  building  or  special  residence  for  the  nurses,  these  live  right  in  the  w^ard 
with  and  of  necessity  under  exactly  the  same  conditions  as  the  inmates.  It  is 
striking,  therefore,  that  although  many  inmates  develop  pellagra  after  varying 
periods  of  institutional  residence — some  even  after  ten  to  twenty  years — which 
would  lead  one  to  believe  it  to  be  due  to  exciting  causes  within  the  institution, 
yet  nurses  and  attendants  living  under  identical  conditions  appear  uniformly  to 
be  immune.  If  pellagra  be  a  communicable  disease,  wdiy  should  there  be  this 
exemption  of  nurses  and  attendants?  To  the  waiter  this  peculiar  exemption  or 
immunity  is  inexplicable  on  the  assumption  that  pellagra  is  communicable. 
Neither  contact  in  any  sense  nor  insect  transmission  is  capable  of  explaining  such 
a  phenomenon,  except  on  the  assumption  of  an  incubation  or  latent  period  extend- 
ing over  ten  to  twenty  years.  In  support  of  such  an  assumption,  there  exists, 
so  far  as  the  writer  knows,  no  satisfactory  evidence.  The  explanation  of  the 
peculiar  exemption  under  discussion  may  be  found  in  the  opinion  of  the  writer 
in  a  difference  in  the  diet  of  the  two  groups  of  residents.  At  some  of  the  in- 
stitutions there  is  a  manifest  difference  in  this  regard;  in  others,  none  is  ap- 
parent. The  latter  would  seem  to  be  a  fatal  objection  to  this  explanation,  but 
a  moment's  consideration  will,  show  that  such  is  not  necessarily  the  case.  The 
writer  from  personal  observation  has  found  that  although  the  nurses  and  at- 
tendants may  apparently  receive  the  same  food,  there  is  nevertheless  a  differ- 
ence in  that  the  nurses  have  the  privilege,  which  they  exercise,  of  selecting  the 
best  and  the  greatest  variety  for  themselves.  Moreover,  it  must  not  be  over- 
looked that  nurses  and  attendants  have  opportunities  for  supplementing  their 
institutional  dietary  that  the  inmates  as  a  rule  have  not." 

Pellagra  is  a  rural  disease  and  one  usually  of  poverty.  In  other  words, 
pellagra  is  frequent  among  the  rural  poor  and  rare  among  the  urban  poor.  This 
is  a  striking  characteristic  and  evidently  it  has  some  meaning.  There  is  great 
poverty  among  certain  classes  in  all  large  cities  and  still  pellagra  is  distinctly 
rural.  Goldberger  points  out  that  the  chief  difference  in  the  diets  of  the  rural 
and  urban  poor  lies  largely  in  the  greater  sameness  in  the  former  and  the 
greater  variety  in  the  latter.  The  urban  poor  may  btiy  any  day  a  penny's  worth 
of  fresh  meat  or  milk  while  the  rural  poor  can  not  buy  those  articles  because 
they  are  not  for  sale  in  their  community.  It  is  therefore  reasonable  to  con- 
clude that  variety  in  diet  is  desirable  in  order  to  prevent  the  development  of 
pellagra.  In  other  words,  the  disease  is  not  due  to  a  diet  deiu-ienl  in  calorics, 
but  to  one  deficient  in  certain  food  ])rinciples. 

(')n   this   |)()int   Ooldl)crger   writes:      "AX'ith    regard    to   the   (|uoslion   of    just 
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what  in  the  dietaiy  is  responsible,  the  writer  has  no  opinion  to  express.  From 
a  study  of  certain  institutional  dietaries,  however,  he  has  gained  the  impres- 
sion that  vegetables  and  cereals  form  a  much  greater  proportion  in  them  than 
they  do  in  the  dietaries  of  well-to-do  people,  that  is,  people  who  are  not  as  a 
class  subject  to  pellagra.  The  writer  is  satisfied  that  the  consumption  of  corn 
or  corn  products  is  not  essential  to  the  production  of  pellagra,  but  this  does 
not  mean  that  corn,  the  best  of  corn,  or  corn  products,  however  nutritious  and 
however  high  in  caloric  value  they  may  be,  are  not  objectionable  when  form- 
ing of  themselves  or  in  combination  with  other  cereals  and  with  vegetables  a 
large  part  of  the  diet  of  the  individual.  In  view^  of  the  great  uncertainty  that 
exists  as  to  the  true  cause  of  pellagra,  it  may  not  be  amiss  to  suggest  that  pend- 
ing the  final  solution  of  this  problem  it  may  be  well  to  attempt  to  prevent  the 
disease  by  improving  the  dietary  of  those  among  whom  it  seems  most  prevalent. 
In  this  direction,  I  would  urge  the  reduction  in  cereals,  vegetables,  and  canned 
foods  that  enter  to  so  large  an  extent  into  the  dietary  of  many  of  the  people 
in  the  South,  and  an  increase  in  the  fresh  animal  food  component,  such  as  fresh 
meats,  eggs,  and  milk." 

At  this  point  in  his  inquiry,  Goldberger  stated  his  conclusions  as  follows : 

(a)  Pellagra  is  not  a  communicable  disease,  but  is  of  dietary  origin. 

(b)  It  is  dependent  upon  some  as  yet  undetermined  fault  in  the  diet  in 
which  the  animal  or  leguminous  protein  component  is  disproportionately  small 
and  the  nonleguminous  vegetable  component  disproportionately  large. 

(c)  Pellagra  does  not  develop  in  those  who  consume  a  mixed,  well-bal- 
anced, and  varied  diet,  such,  for  example,  as  that  furnished  by  the  Government 
to  the  enlisted  men  of  the  Army  and  Navy. 

In  1915,  twelve  convicts  in  the  Missippi  State  Prison  were  offered  pardons 
by  the  Governor  on  condition  that  they  submit  to  an  attempt  to  produce  pel- 
lagra in  them  by  dietary  means.  One  of  these  developed  a  prostatitis  and  was 
eliminated  from  the  squad.  The  eleven  were  kept  on  a  pellagrous  diet  from  Feb- 
ruary 4  to  October  31,  1915.  Six  developed  between  September  sixth  and 
twenty-fourth,  typical  dermatitis,  justifying  a  diagnosis  of  pellagra.  The  nerv- 
ous and  gastrointestinal  symptoms  were  mild  but  distinct.  The  diet  consisted 
wholly  of  vegetable  foods  poor  in  protein  and  with  the  exclusion  of  milk,  legumes 
and  fresh  meat.  The  convicts  who  were  on  the  ordinary  prison  diet  showed  no 
sign  of  the  disease  at  any  time,  before,  during,  or  after  this  experiment.  This 
experiment  seems  to  have  demonstrated  quite  conclusively  that  pellagra  may  be 
induced  in  healthy  men  by  diet.  This  test  would  have  carried  more  weight 
could  it  have  been  made  in  a  region  where  pellagra  is  not  so  prevalent,  but  since 
there  had  never  been  a  case  on  the  prison  farm,  we  are  inclined  to  accept  it  at 
full  value.  In  our  opinion,  its  importance  is  greatly  increased  by  the  observa- 
tions to  be  detailed  later. 

Goldberger  and  Waring  describe  an  observation  made  by  them  at  two  or- 
phanages at  Jackson,  Mississippi,  as  follows :  "The  first  of  these  two  to  be 
considered  is  spoken  of  as  Orphanage  M.J.  Cases  of  pellagra  had  been  recog- 
nized at  this  institution  every  spring  for  several  years.  During  the  spring  and 
summer  of  1914,  up  to  September  15,  79  cases  of  the  disease  were  observed  in 
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children  at  this  orphanage.  Ahhough  several  of  these  were  known  to  have  had 
pellagra  on  admission  or  had  developed  it  a  short  time  after  admission,  a  num- 
ber appeared  to  have  developed  the  disease  for  the  first  time  after  considerable 
periods  of  residence  at  this  institution.  The  factor  or  factors  causing  pellagra 
and  favoring  its  recurrence  seemed,  therefore,  to  be  operative  at  this  institution. 

"The  second  of  the  orphanages,  which  will  be  referred  to  as  Orphanage 
B.J.,  is  located  about  half  a  mile  east  of  Orphanage  M.J.  Here,  as  at  M.J.,  cases 
of  pellagra  had  been  recognized  every  spring  for  several  years.  The  writers 
are  informed  by  the  superintendent  that  a  condition  which  he  can  not  distinguish 
from  that  now  called  pellagra  has  occurred  every  year  among  the  children  ever 
since  his  connection  with  the  institution,  a  matter  of  some  twelve  or  thirteen 
years.  From  this  description  it  is  believed  that  there  can  be  but  little  doubt  that 
pellagra  has  prevailed  in  this  institution  almost  if  not  quite,  since  its  foundation 
in  1897. 

"During  the  spring  and  summer  of  1914,  up  to  September  15,  there  were 
observed  among  the  children  in  this  institution  130  cases  of  pellagra.  As  at 
AI.J.  some  of  these  were  in  recent  admission;  a  large  proportion,  however,  oc- 
curred in  long-time  residents. 

"There  appears  to  be  little,  if  any,  reason  to  doubt  that  the  factor  or  factors 
causing  the  disease  and  favoring  its  recurrence  have  been  operative  at  this  insti- 
tution for  many  years. 

"At  both  institutions  the  hygienic  and  sanitary  conditions  found  left  much 
to  be  desired.  Both  were  much  overcrowded.  The  drinking  water  supply  at 
each  is  drawn  from  the  public  supply.  One  is  equipped  with  a  water  carriage 
sewerage  system  connected  with  that  of  the  city;  the  other  has  the  unscreened 
surface  privy  type  of  sewage  disposal,  and  incidentally,  we  found  here  a  great 
deal  of  soil  pollution.  At  the  very  outset,  it  was  requested  that  no  change  be 
made  in  hygienic  and  sanitary  conditions  and  it  is  believed  that  these  have  re- 
mained as  they  were  found  and  as  they  have  been  for  several  years. 

"Since  about  the  middle  of  September  1914,  the  diet  at  both  orphanages 
has  in  certain  respects  been  supplemented  by  the  Public  Health  Service.  At 
both  institutions  a  ver>^  decided  increase  was  made  in  the  proportion  of  the 
fresh  animal  and  of  the  leguminous  protein  foods. 

"The  milk  supply  was  greatly  increased.  Provision  was  made  to  give  every 
child  under  twelve  years  a  cup  of  about  seven  ounces  of  milk  at  least  twice  a 
day.  Those  under  six  had  it  three  times  a  day.  Until  the  spring  of  1915,  the 
milk  used  was  all  fresh,  sweet  milk.  In  April  of  this  year  buttermilk  was  added 
to  the  diet.  This  was  served  at  first  only  on  alternating  days  to  those  over 
twelve  years  of  age;  later,  when  a  sufficient  supply  became  available,  it  was 
served  at  the  midday  meal  to  all. 

"Eggs,  except  in  cooking  or  for  the  sick,  had  previousl}-  not  entered  into 
the  diet  of  the  children.  The  writers  prescribed  at  least  one  ei::;g  at  the  morning 
meal  for  each  child  under  twelve  years  of  age.  It  had  been  the  custom  to  serve 
the  children  with  fresh  meat  but  once  a  week.  Under  the  writer's  direction,  it 
was  increased  to  three  or  four  limes  a  week. 

"Beans  and  peas,  which  liad  been  conspicuous  in  the  diet  only  during  the 
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summer  and  fall,  were  made  an  important  part  of  nearly  every  midday  meal  at 
all  seasons. 

"The  carbohydrate  component  of  the  institution  diet  was  also  modified. 
The  breakfast  cereal  was  changed  from  grits  to  oatmeal,  partly  because  it  was 
believed  to  be  an  advantage  to  reduce  the  corn  element  and  in  part  because  it 
was  believed  that  the  oatmeal  would  favor  the  consumption  of  milk.  The  corn 
element,  though  much  reduced,  was  not  wholly  excluded.  Cornbread  was  allowed 
all  children  once  a  week  and  grits  to  those  over  twelve  years  of  age  once  or  twice 
a  week.  Cane  syrup  or  molasses,  which  it  had  been  customary  to  serve  freely 
at  two  or  three  meals  each  day,  was  for  some  weeks  entirely  excluded,  and  later 
allowed  in  small  amounts  at  only  three  or  four  evening  meals  a  week.  The  ob- 
ject in  this  was  to  reduce  the  proportion  of  the  carbohydrate  element." 

The  results  of  these  alterations  in  diet  may  be  summed  up  as  follows :  At 
M.J.,  67  cases  of  pellagra  completed  the  first  anniversary  of  their  attacks  with 
no  recognizable  recurrence,  nor  were  there  any  evidences  of  the  development  of 
the  disease  among  the  99  nonpellagrous  inmates. 

In  B.J.,  of  130  cases,  105  completed  the  anniversary  with  recurrence  recog- 
nizable in  only  one.  Of  69  nonpellagrins,  not  one  developed  the  disease.  In 
other  words,  aside  from  admissions  during  the  year,  only  one  case  of  pellagra 
existed  in  the  two  institutions,  while  of  the  172  who  lived  on  the  improved  diet 
for  one  year,  there  was  only  one  recurrence  at  the  end  of  that  time.  In  our 
opinion  it  is  unfortunate  that  at  the  end  of  the  year  and  with  the  close  of  the 
supervision  of  the  food,  observation  and  record  were  wholly  discontinued. 

The  observation  conducted  at  the  Georgia  Sanitarium  is  more  valauble  be- 
cause longer  continued.  This  is  a  large  insane  asylum  for  both  whites  and 
blacks.  Two  wards,  one  for  each  race  and  both  female,  have  been  under  the 
modified  diet  from  December  1914,  up  to  the  present  time  (November  1917). 
No  case  of  this  disease  has  developed  among  nonpellagrins  in  these  wards  and 
there  has  been  no  recurrence  of  the  disease  among  the  pellagrins.  In  other 
words,  the  disease  has  been  eliminated  from  these  wards,  while  new  cases  and 
recurrences  have  appeared  in  other  wards.  There  seems  no  reason  why  pel- 
lagra should  not  be  eliminated  from  the  whole  institution  under  improved  diet. 
It  should  be  understood,  however,  that  simply  supplying  proper  food  is  not 
enough.  It  must  be  seen  that  every  inmate  gets  it  and  eats  it.  It  has  been 
necessary  to  feed  some  of  the  insane  with  a  tube. 

The  time  after  the  provision  of  better  food  before  improvement  is  notice- 
able is  widely  variable.  The  first  evidence  of  betterment  may  show  in  the 
stomatitis,  dermatitis  or  enteritis,  generally  in  the  improved  condition  of  the 
mouth.  Marked  diarrhea  is  not  a  contraindication  to  a  more  liberal  diet.  Marked 
improvement  in  the  skin  lesions  is  not  usually  in  evidence  until  the  lapse  of  at 
least  three  months  but  finally  these  lesions  quite  disappear. 

If  diet  be  an  important  factor  in  the  etiolog>^  of  pellagra  and  since  this 
disease  is  much  more  prevalent  in  the  South  than  in  the  North,  the  comparative 
diets  among  the  working  classes  in  the  two  sections  should  be  studied.  Syden- 
stricker  of  the  Public  Health  Service  is  engaged  in  this  study  and  published  a 
preliminary  paper  in  1915.  This  paper  is  based  on  data  supplied  by  an  investi- 
gation made  by  the  British  Board  of  Trade  into  the  cost  of  living  in  American 
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towns  in  1909,  and  a  similar  study  made  by  the  Federal  Bureau  of  Labor  in 
1901.  Sydenstricker  says  that  the  former  developed  the  fact  that  the  food  price 
level  in  southern  towns,  weighted  according  to  actual  consumption  in  wage 
earners'  famiUes,  was  above  the  average  in  the  rest  of  the  country,  the  southern 
towns  being  from  two  to  nine  per  cent  higher  than  New  York  City.  "Prices  of 
the  cheaper  cuts  of  beef  and  of  milk  were  in  nearly  every  instance  higher  in 
southern  towns  than  in  the  North.  The  conclusions  indicated  by  the  available 
evidence  and  in  accordance  with  the  principles  of  family  income  and  expendi- 
ture already  referred  to,  are  that  the  wage  earner's  family  in  the  South  is  at  a 
greater  economic  disadvantage  than  in  the  northern  states  and  that  there  is  a 
greater  pressure  exerted  in  favor  of  sacrifices  in  diet  in  order  to  maintain  an 
otherwise  comfortable  standard  of  living."  ,Not  only  is  animal  food  higher  in 
price  in  the  South  but  such  foods  are  less  widely  distributed  and  consequently 
less  available  to  the  working  classes.  "The  Bureau  of  Labor's  data  for  1901 
showed  that  southern  wage  earners'  families  consumed  over  25  per  cent  less 
protein  foods,  over  50  per  cent  more  fats,  and  nearly  10  per  cent  more  carbo- 
hydrates than  northern  families." 

"For  the  meats  and  other  protein  groups  of  foods  the  geographic  dififerences 
in  consumption  are  significant.  In  the  northern  states  the  average  family  was 
found  to  consume  annually  between  1,000  and  1,100  pomids  of  protein,  while  in 
the  southern  states  the  protein  consumption  averaged  between  700  and  800  pounds. 
The  southern  family  consumed  nearly  a  pound  a  week  less  of  fresh  beef,  nearly 
half  as  much  milk,  very  much  less  of  other  meats,  and  hardly  any  salt  beef  as 
compared  with  northern  families.  For  the  fats  and  hydrocarbon  group  of  foods, 
even  more  significant  diflr'erences  are  shown.  While  families  in  northern  states 
were  found  to  consume  larger  quantities  of  butter,  families  in  southern  states 
consumed  over  60  per  cent  more  lard  and  nearly  three  times  as  much  salt  hog 
products." 

Sydenstricker  has  more  recently  collected  a  large  amount  of  data  bearing 
on  the  dietaries  of  the  cotton  mill  employees,  in  relation  to  the  incidence  of 
pellagra  in  the  different  mill  villages  and  in  pellagrous  and  nonpellagrous  fam- 
ilies.    When  these  facts  are  tabulated,  they  should  prove  of  great  value. 

—V.  C.  V. 


The  Control  of  Communicable  Disease  Among  Our  Soldiers 

AT  present,  this  is  one  of  the  many  big  problems  that  confront  the  nation 
and  demand  solution.  So  far  as  the  Medical  Department  of  the  Army  is 
concerned,  it  is  the  biggest  problem.  While  the  mortality  in  our  camps  during 
the  past  few  months  has  not  risen  to  the  great  height  that  it  did  in  1898,  it  is 
sufficient  to  cause  anxiety  and  to  demand  that  every  effort  possible  be  made  to 
reduce  it. 

That  failure  to  supply  proper  and  adequate  clothing  early  has  been  a  most 
potent  factor  in  the  incidence  of  pneumonia  among  our  soldiers  certainly  has 
been  abundantly  demonstrated.  A  man  can  bo  chilled  occasionally  and  for  short 
period   of  time  without   injury   to  his  hcallli,   but    when   one   is   cold   night    and 
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day,  even  the  most  robust  is  liable  to  succumb  to  any  infection  that  may  present 
itself.  The  spread  of  infection  in  our  tents  and  barracks  has  been  favored  by 
overcrowding.  These  untoward  conditions  are  being  removed.  The  Secretary 
of  War  finds  that  most  of  the  soldiers  have  received  in  January  the  clothing 
which  should  have  been  provided  at  the  latest  early  in  October.  The  Surgeon- 
General  asked  in  July  for  at  least  fifty  square  feet  of  floor  space  per  man  in 
tent  and  barrack.  This  request  has  at  last  been  granted,  and  provision  is  being 
made  for  its  supply.  Detention  camps  for  incoming  soldiers,  where  they  may 
be  kept  under  observation  before  mingling  with  others,  have  been  ordered.  Fur- 
thermore, additional  space  and  housing  are  to  be  available  for  the  prolonged 
care  of  convalescents  before  their  return  to  duty,  for  contacts,  suspects,  and  car- 
riers. These  are  wise  provisions  and  will  do  much  to  reduce  the  prevalence  of 
communicable  diseases  among  our  soldiers. 

However,  it  will  be  necessary  to  go  further  than  this  before  we  reach  the 
greatest  possible  accomplishment,  and  we  should  not  be  satisfied  with  less.  In 
the  transformation  of  civilians  into  soldiers,  some  lives  must  be  lost,  but  it  is 
certainly  the  intention  and  desire  of  the  whole  nation  that  this  loss  be  re- 
duced to  a  minimum.  Up  to  the  present  time,  infections  have  been  most  pre\- 
alent  in  southern  camps,  but  the  season  for  respiratory  diseases  in  the  north- 
ern states  has  not  yet  been  reached.  This  generally  falls  in  February  and  March, 
and,  while  no  one  wishes  to  prophesy  evil,  it  is  wholly  within  the  range  of  prob- 
ability that  during  these  months  the  respiratory  diseases  will  be  markedly  aug- 
mented in  all  the  camps  and  cantonments  in  the  United  States. 

It  must  be  evident  to  all  thinking  men  that  the  conservation  of  the  health 
of  the  nation  is  of  prime  importance  at  all  times,  but  especially  so  under  the 
stress  of  war.  Each  individual  incapacitated  by  disease  among  the  civilian  or 
the  military  population  reduces  national  efficiency,  not  only  so  far  as  the  efforts 
of  this  individual  are  concerned,  but  to  the  extent  that  the  services  of  others 
are  absorbed  in  his  care.  A  sick  soldier  is,  so  long  as  he  is  ill,  not  only  one 
less  in  the  efifective  force,  he  can  not  drill  or  otherwise  prepare  himself  for 
the  fighting  line,  but  he  is  a  possible  source  from  which  infection  may  be  spread 
to  others,  and  his  care  occupies  the  attention  and  time  of  others.  A  sick  civilian 
is  one  withdrawn  for  the  time  being  from  the  great  industrial  army  which  must 
stand  behind  the  fighting  force,  and  his  care  also  withdraws  one  or  more  from 
the  same  service.  In  short,  and  it  needs  no  argument,  this  is  a  time  when  all 
preventable  sickness  should  be  prevented. 

It  must  be  recognized  that  in  the  preservation  of  the  health  of  the  nation, 
no  sharp  line  can  be  drawn  between  civilians  and  soldiers.  Civilians  constitute 
the  source  of  supply  of  soldiers,  and  soldiers  are  constantly  mingling  with  and 
returning  to  the  civilian  population.  The  relation  between  these  two  bodies  is 
one  of  fluidity  and  not  solidity.  Failure  to  see  this  and  act  accordingly  may  lead 
to  disaster  in  both  portions  of  our  population.  At  present,  civilians  are  con- 
stantly invading  the  camps  in  which  the  infection  becomes  intensified  and  is 
returned  to  the  civilian  population  throughout  the  length  and  breadth  of  the 
country.  The  assembly  of  troops,  whether  it  be  by  draft  or  by  voluntary  serv- 
ice, acts  like  a  dragnet,  bringing  the  widely  scattered  infections  from  city,  vil- 
lage and  farm,  from  every  part  of  the  compass  and  from  every  class  and  con- 
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dition  of  citizenship.  The  camp  acts  as  an  incubator  in  which  the  infections 
develop  and  through  which  they  spread  and  increase  in  virulence.  Furloughed 
and  discharged  soldiers  distribute  the  infection  incubated  and  intensified  in  the 
camps,  and  even  those  who  are  sent  across  the  seas  bear  these  infections  to  our 
troops  in  France.  If  we  are  to  win  this  war  with  the  least  possible  expenditure 
of  life,  we  must  control,  or  at  least  abate,  the  infection  among  our  soldiers,  and 
this  can  not  be  done  without  attention  to  the  abatement  of  communicable  dis- 
eases among  the  people  as  a  whole. 

Suppose  we  have  an  army  of  three  million  men.  At  the  same  time,  we 
have  a  civilian  population  of  ninety-seven  million.  These  are  indeed  one  popu- 
lation, mingling  and  mixing  at  all  times;  one  being  converted  into  the  other  and 
then  returning  to  the  original  source.  Common  sense  shows  that  it  is  not  pos- 
sible to  stamp  out  disease  among  3  per  cent  of  our  population  while  we  neg- 
lect the  source  among  97  per  cent. 

The  health  organization  of  the  country,  both  national  and  state,  extending 
down  to  the  locality,  should  be  and  must  be,  if  our  troops  are  to  be  most  ef- 
fective, under  one  and  the  same  control.  With  this  in  view,  the  following  rec- 
ommendations are  offered : 

(1  )  The  United  States  Public  Health  Service,  with  its  personnel,  functions, 
duties,  properties  including  its  hospitals,  quarantine  stations,  etc.,  should  be 
transferred  to  the  Medical  Department  of  the  army,  and  placed  within  the  juris- 
diction and  under  the  command  of  the  Surgeon-General  of  the  army  during  the 
continuance  of  the  war. 

(2)  If  the  above  recommendation  can  be  put  into  effect,  the  Surgeon- 
General  of  the  Army  should  assign  to  duty  in  each  state  a  medical  officer  whose 
function  should  be  to  cooperate  with  the  state  health  authorities  in  the  con- 
trol and  abatement  of  communicable  diseases  among  the  entire  population  of 
the  state,  both   civilian  and  military,  both  temporary  and  permanent  residents. 

(3)  In  case  the  first  recommendation  be  put  into  effect,  the  Surgeon-Gen- 
eral of  the  Army  should  station  at  such  points  in  each  state  as  he  may  think 
wise,  and  we  suggest  in  the  proportion  of  one  to  fifty  thousand  population,  ad- 
ditional military  health  officers,  who,  under  the  direction  of  the  state  officer 
mentioned  in  number  2  shall  cooperate  with  the  local  health  authorities  in  their 
efforts  to  control  and  abate  communicable  diseases. 

Fortunately,  the  first  recommendation  is  already  legally  provided  for.  Sec- 
tion IV  of  an  Act  of  1902  reads  as  follows : 

"That  the  President  is  authorized  in  his  discretion  to  utilize  the  Public  Health 
and  Marine  Hos])ital  Service  in  times  of  threatened  or  actual  war  to  such  ex- 
tent and  in  such  manner  as  shall  in  his  judgment  ])r()m()te  the  i)ublic  interest, 
without,  however,  in  any  way  impairing  the  efficiency  of  the  ser\ice  tor  the 
purpose  for  which  the  same  was  created  and  is  maintained." 

Under  date  of  April  6,  1017.  the  President  promulgated  an  order  in  accord- 
ance with  the  al)o\e  mentioned  provision  in  the  law.  It  is  only  necess;ir\-  tor 
the  Secretarv  of  W  .-ir  to  ask  the  vSecretary  of  ilu-  Treasury  to  transfer,  tor  the 
period  of  the  war,  the  United  States  Publir  Hralth  Service  with  all  its  func- 
tions, duties  and  proj)(.'rties,  to  tlie   War   I  )ep;irtint'iil . 
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The  practical  working  of  these  regulations  should  be  something  like  the 
following : 

The  local  military  health  official  should  keep  himself  well  posted  on  the 
communicable  diseases  in  his  district,  and  he  should  be  vested  with  all  authority- 
necessary  in  the  control  of  the  same.  He  should  have  under  his  direct  super- 
vision and  command,  all  new  troops,  both  those  volunteering  and  those  drafted 
within  his  district.  He  should  see  that  these  men  are  not  unnecessarily  exposed 
to  infection,  and  he  should  know  to  wdiat  infections  and  to  what  extent  they 
have  been  exposed.  From  the  time  a  young  man  is  selected  for  the  draft  until 
he  reaches  the  camp  to  which  he  is  to  be  assigned,  he  should  be  under  the  di- 
rect charge,  supervision  and  control  of  the  local  military  health  officer.  When 
the  squad  from  that  vicinity  is  assembled,  this  official  should  either  in  person 
or  by  a  deputy,  conduct  these  soldiers  to  the  camp  to  which  they  were  assigned 
and  turn  them  over  to  the  medical  officer  of  the  camp  with  a  full  statement  of 
all  exposures  to  infection.  When  a  soldier  is  furloughed  from  camp,  he  should 
be  transferred  to  the  command  of  the  local  health  officer  and  should  be  under 
his  charge,  care,  and  control  during  the  whole  of  the  time  of  his  furlough.  The 
local  military  health  officers  should  make  immediate  telephonic  or  telegraphic 
reports  to  the  state  officer,  and  in  case  the  military  camp  or  cantonment  is  lo- 
cated in  that  state,  directly  to  the  division  surgeon. 

— F.  C.  V. 


Military  Antituberculosis  Program  Perfected 

PLANS  for  a  complete  program  for  the  prevention  of  tuberculosis  in  the 
army  have  been  perfected  by  the  National  Association  for  the  Study  and 
Prevention  of  Tuberculosis  working  in  cooperation  with  the  Surgeon-General, 
the  Y.  M.  C.  A.,  and  other  agencies.  This,  it  is  predicted,  will  put  the  impending 
second  draft  on  a  better  health  basis  than  the  first.  The  program  will  include 
not  only  a  follow-up  for  every  man  discharged  on  account  of  tuberculosis,  but 
a  thorough-going  health  educational  campaign  among  the  soldiers. 

Prior  to  the  first  draft  the  National  Association  began  to  outline  a  pre- 
ventive campaign.  Owing  to  the  magnitude  of  the  task  and  the  many  practical 
delays  in  perfecting  and  applying  the  details  of  this  scheme,  the  results  were 
not  as  encouraging  as  might  be  expected.  This  was  due  to  the  fact  that  the 
report  of  names  of  men  rejected  by  the  draft  on  account  of  tuberculosis  was 
inadequate,  the  slowness  of  the  machinery  in  getting  under  way,  and  the  many 
difficulties  in  determining  the  status  of  the  men. 

Inasmuch  as  these  enlisted  or  drafted  men  do  not  become  accepted  sol- 
diers until  after  their  probationary  period  lasting  from  three  to  six  months  in 
the  various  services,  the  government  assumes  no  responsibility  for  the  after-care 
of  those  whose  health  breaks  down  during  that  period.  Hence,  this  problem 
belongs  to  the  civilian  boards  of  health  and  the  unofficial  health  organizations. 

The  National  Association  program  falls  into  two  main  divisions:  (a)  fol- 
low-up work  and  (b)  educational  work.  The  first  obstacle  to  the  follow-up 
program  was  Section  Eleven  of  the  Selective  Service  Regulations  regarding  the 
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second  draft  which  forbids  giving  a  record  of  a  man's  condition  to  anyone  ex- 
cept certain  designated  officials.  The  National  Association  officers,  however, 
placed  before  the  War  Department  the  importance  of  this  work  and  were  in- 
fluential in  persuading  them  to  open  the  records  of  rejected  men  to  state  and 
local  boards  of  health  throughout  the  country,  through  the  United  States  Pub- 
lic Health  Service  and  the  Council  of  National  Defense. 

Inasmuch  as  the  above  section  of  the  regulations  does  not  apply  to  men 
dismissed  from  training  camps  after  they  have  passed  draft  boards,  the  asso- 
ciation arranged  with  the  Surgeon-General  and  the  division  surgeons  in  camps 
to  receive  the  names  of  all  men  thus  dismissed.  These  lists  are  divided  up  by 
states  and  forwarded  to  state  associations  and  state  boards  of  health  for  fol- 
low-up work.  A\'here  men  are  referred  to  localities  where  there  are  not  at 
present  facilities  for  this  follow-up  work,  the  association  will  use  its  good  of- 
fices to  promote  the  establishing  of  such  facilities. 

In  the  meantime,  the  Medical  Department  of  the  Army  has  perfected  its 
machinery  for  weeding  out  these  tuberculosis  cases.  Every  man  passed  by  the 
draft  board  after  going  into  camp  is  examined  by  the  regimental  surgeon,  re- 
examined by  a  tuberculosis  board,  and  then  if  suspected  of  tuberculosis,  again 
examined  by  a  tuberculosis  expert.  This  follows  a  general  policy  mapped  out 
and  recommended  by  the  association. 

A  large  number  of  men  have  already  been  accepted  into  the  service  who 
were  known  to  be  tuberculous,  many  of  them  formerly  inmates  of  tuberculosis 
sanatoria.  Part  of  the  association's  work  has  been  to  get  in  touch  with  every 
tuberculosis  sanatorium  and  dispensary  in  the  country  and  compile  lists  of  all 
recent  male  inmates  of  draft  age,  giving  the  history  of  their  cases  and  whether 
or  not  it  was  known  if  they  were  in  the  army  at  present.  Hundreds  of  such 
names  have  already  been  received.  This  data  is  forwarded  to  the  training  camps, 
the  men  are  located  and  the  results  are  reported  back  to  the  sources  .of  infor- 
mation. 

Furthermore,  the  association  has  sent  a  letter  to  all  of  its  fifteen  hundred 
local  cooperating  agencies  giving  the  provisicms  of  the  second  draft  and  urging 
that  these  agencies  procure  the  names  and  addresses  of  all  the  men  of  military 
age  in  their  section  who  are  known  to  have  tuberculosis ;  get  in  touch  with  these 
men  and  arm  them  with  the  necessary  affidavits  to  ])rc\ent,  if  possible,  their 
being  passed  by  the  draft  board,  and  recommend  to  the  local  draft  boards  ihc 
names  of  the  approved  tuberculosis  experts  in  their  section. 

The  association  is  also  cooperating  with  the  Surgeon-General's  office  to  aid 
the  government  in  providing  sanatoria  for  those  men  who  have  been  discharged 
from  the  service  on  account  of  tuberculosis  after  their  proliationary  period  has 
expired.  All  full-fledged  soldiers  and  sailors  returned  from  France  or  other 
stations  will  be  cared  for  as  near  to  their  own  homes  as  possible  in  sanatoria 
accommodations  provided  by  the  government.  The  government  intends  to  utilize 
so  far  as  possible  existing  institutions. 

From  the  United  States  Marine  Corps  the  association  has  secured  each 
month  a  report  of  men  rejected  for  tuberculosis  from  all  its  recruiting  stations, 
and  these  men  will   receive  the  regular  follow-up  attention. 

From  the  secf)nd  or  educational  di\ision  of  the  program  it   is  hojied  to  de- 
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rive  the  greater  ultimate  good  by  the  estabhshment  of   fundamental  preventive 
measures  among  the  well. 

The  association  is  interested  in  any  kind  of  an  educational  campaign  among 
the  men  in  the  various  military  camps  that  will  tend  to  promote  interest  and 
information  with  regard  to  the  control  and  prevention  of  communicable  dis- 
eases, and  toward  the  promotion  of  public  and  individual  health  in  general. 
In  the  mobilization  of  such  large  numbers  of  men  in  various  camps  throughout 
the  United  States  there  have  developed  an  unusual  number  of  somewhat  serious 
epidemics  of  colds,  coughs,  pneumonia,  measles  and  various  other  respiratory 
and  communicable  diseases.  That  all  of  these  diseases  can  be  controlled  by 
education  and  by  the  exercise  of  adequate  public  health  measures  has  been 
clearly  demonstrated  in  the  civilian  population  throughout  the  United  States. 
Most  of  these  epidemics  are  spread  through  ignorance  and  carelessness.  It  is 
inevitable  where  large  numbers  of  men  from  all  walks  of  life  and  with  all  pos- 
sible diseases  and  variations  of  physical  habits  are  thrown  together  in  somewhat 
uncomfortable  and  crowded  living  conditions,  that  there  will  be  an  immediate 
increase  in  the  amount  of  sickness  from  communicable  diseases.  It  must  be 
obvious,  however,  to  even  the  most  superficial  observer,  that  if  these  men  can 
be  taught  to  maintain  a  reasonable  standard  of  personal  hygiene  and  can  be 
given  a  knowledge  of  the  methods  and  principles  of  the  control  of  communica- 
ble diseases  a  rapid  diminution  in  the  sickness  rate  will  follow. 

In  cooperation  with  the  Educational  Committee  of  the  National  War  Work 
Council  of  the  Y.  M.  C.  A.,  the  association  will  furnish  a  number  of  stock  lec- 
tures dealing  with  tuberculosis  together  with  lantern  slides  to  illustrate  them. 
It  will  also  arrange  to  put  the  educational  secretaries  of  each  of  the  camps  in 
touch  with  public  lectures  in  and  around  their  respective  camps.  The  associa- 
tion has  requested  the  War  Department  to  give  careful  consideration  to  the 
desirability  of  appointing  one  or  more  special  officers  detailed  to  lecture  on  tu- 
berculosis and  allied  health  subjects  in  all  of  the  army  camps  throughout  the 
country. 

The  association  has  prepared  a  special  circular  entitled,  ''Red  Blood,"'  giv- 
ing in  brief  and  attractive  form  a  message  to  the  soldier  relative  to  personal 
fitness,  a  health  "Don't  Card ;""  and  a  Public  Health  Manual  may  also  be  dis- 
tributed, the  latter  being  a  textbook  of  personal  hygiene. 

The  association  will  also  arrange  to  distribvite  through  the  departmental 
executives  of  the  Y.  M.  C.  A.,  a  number  of  special  tuberculosis  exhibits  known 
])opularly  as  "The  Parcel  Post  Exhibit."  In  .connection  with  these  moving  pic- 
ture films  and  lantern  slides  will  be  used. 

The  field  secretary  of  the  association,  Dr.  Pattison,  is  visiting  the  training 
camps  and  supervising  this  educational  work. 

— Philip  P.  Jacobs. 


Reporting  of  Accidents  from  Local  Anesthetics 

THE  Committee  on  Therapeutic  Research  of  the  Council  on  Pharmacy  and 
Chemistry  of  the  American  Medical  Association  has  undertaken  a  study  of 
the  accidents  following  the  clinical  use  of  local  anesthetics,  especially  those  fol- 
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lowing  ordinary  therapeutic  doses.  It  is  hoped  that  this  study  may  lead  to  a 
better  understanding  of  the  cause  of  such  accidents,  and  consequently  to  methods 
of  avoiding  them,  or,  at  least,  of  treating  them   successfully  when  they  occur. 

It  is  becoming  apparent  that  several  of  the  local  anesthetics,  if  not  all  of 
those  in  general  use,  are  prone  to  cause  death  or  symptoms  of  severe  poisoning  in 
a  small  percentage  of  those  cases  in  which  the  dose  used  has  been  hitherto  con- 
sidered quite  safe. 

The  infrequent  occurence  of  these  accidents  and  their  i^roduction  by  rela- 
ti\"ely  small  doses  point  to  a  peculiar  hypersensitiveness  on  the  part  of  those  in 
whom  the  accidents  occur.  The  data  necessary  for  a  study  of  these  accidents 
are  at  present  wholly  insufficient,  especially  since  the  symptoms  described  in  most 
of  the  cases  are  quite  different  from  those  commonly  observed  in  animals  even 
after  the  administration  of  toxic,  but  not  fatal,  doses. 

Such  accidents  are  seldom  reported  in  detail  in  the  medical  literature,  partly 
because  physicians  and  dentists  fear  that  they  may  be  held  to  blame  should  they 
report  them,  partly,  perhaps,  because  they  have  failed  to  appreciate  the  impor- 
tance of  the  matter  from  the  standpoint  of  the  protection  of  the  public. 

It  is  evident  that  a  broader  view  should  prevail,  and  that  physicians  should 
be  informed  regarding  the  conditions  under  which  such  accidents  occur  in  order 
that  they  may  be  avoided.  It  is  also  evident  that  the  best  protection  against 
such  unjust  accusations,  and  the  best  means  of  pre^■enting  such  accidents  con- 
sist in  the  publication  of  careful,  detailed  records  when  they  have  occurred,  with 
the  attending  circumstances.  These  should  be  reported  in  the  medical  or  dental 
journals  when  possible;  but  when,  for  any  reason,  this  seems  undesirable,  a 
confidential  report  may  be  filed  with  Dr.  R.  A.  Hatcher,  414  East  Twenty-Sixth 
Street,  Xew  York  City,  who  has  been  appointed  by  the  committee  to  collect  this 
information. 

If  desired,  such  reports  will  be  considered  strictly  conhdential  so  far  as 
the  name  of  the  patient  and  that  of  the  medical  attendant  are  concerned,  and 
such  information  will  be  used  solely  as  a  means  of  studying  the  problem  of 
toxicity  of  this  class  of  agents,  unless  permission  is  given  to  use  the  name. 

All  available  facts,  both  public  and  private,  should  be  included  in  these  re- 
ports, but  the  following  data  are  especially  to  be  desired  in  those  cases  in  which 
more  detailed  reports  can  not  be  made : 

The  age,  sex,  and  general  history  of  the  patient  should  be  given  in  as  great 
detail  as  possible.  The  state  of  the  ncrxous  system  appears  to  be  of  especial 
importance.  The  dosage  employed  should  be  stated  as  accurately  as  possible, 
also  the  concentration  of  the  solution  employed,  the  site  of  the  injection  (whether 
intramuscular,  perineural  or  strictly  subcutaneous),  and  whether  a]ii-)lied  to 
the  mouth,  nose,  or  other  part  of  the  body.  The  possibility  of  an  injection  hav- 
ing been  made  into  a  small  vein  during  intramuscular  injection  or  into  ilic  gums 
should  be  considered.  In  such  cases  the  action  begins  .'ilniost  al  onrc,  that  is, 
within  a  few'  seconds. 

The  previous  condition  of  tlie  heart  and  rcsjiiralion  should  ],c  rcpurtcd  it 
possible;  and,  of  course,  the  effects  of  the  drug  on  tlu'  he.irt  ami  respiration,  as 
well   as   the   duration   of   the    symptoms,    should    be   recorded.       If   antidotes    are 
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employed,  their  nature  and  dosage  should  be  stated,  together  with  the  character 
and  time  of  appearance  of  the  effects  induced  by  the  antidotes.  It  is  important 
to  state  whether  antidotes  were  administered  orally,  or  by  subcutaneous,  in- 
tramuscular, or  intravenous  injection,  and  the  concentration  in  which  such  an- 
tidotes were  used. 

While  such  detailed  information,  together  with  any  other  available  data,  are 
desirable,  it  is  not  to  be  understood  that  the  inability  to  supply  such  details  should 
prevent  the  publication  of  reports  of  poisoning,  however  meager  the  data,  so  long 
as  accuracy  is  observed. 

The  committee  urges  on  all  anesthetists,  surgeons,  physicians,  and  dentists 
the  making  of  such  reports  as  a  public  duty;  it  asks  that  they  read  this  appeal 
with  especial  attention  to  the  character  of  observations  desired. 

ToRALD  SOLLMANN,   CHAIRMAN 

R.  A.  Hatcher,  Special  Referee 

Therapeutic  Research  Committee  of  the  Coun- 
cil on  Pharmacy  and  Chemistry  of  the  Ameri- 
can Medical  Association. 


To  the  Editor: 

In  the  January  number  of  the  Journal  of  Laboratory  and  Clinical 
Medicine,  in  my  article  "War  Deafness  and  Its  Prevention — A  Report  of  Tests 
upon  Eight  Preventives,"  the  chart  on  page  230  was  inserted  through  error.  It 
belongs  with  a  later  report  which  will  be  published  in  the  March  issue  of  the 

Journal. 

— Stacy  R.  Guild, 
Ann  Arbor,  Mich. 
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SUGAR  METABOLISM  AND  DIABETES^ 

By  Hugh  McGuigan,  M.D.,  Chicago,  III. 


THE  most  interesting-  thing  in  medicine  is  to  watch  its  growth.  \\  hen  a  dis- 
ease is  fully  understood,  its  cause  known,  and  its  treatment  definite,  there 
is  little  of  interest  in  it.  If  a  patient  has  malaria,  hookworm,  or  diphtheria, 
there  remains  only  the  routine  treatment  witli  quinine.  th}'mol,  chenopodium, 
or  antitoxin.  The  history  of  the  disease  and  the  development  of  the  treatment 
still  retains  something  of  interest,  but  it  lacks  the  fascination  of  the  research 
stage.  Apart  from  the  purely  interesting  phase  in  the  development  of  a  disease, 
the  proper  perspective  can  be  obtained  only  by  a  study  of  its  history  and  develop- 
ment. 

Osier  has  said  that  if  a  person  has  a  knowledge  of  tuberculosis  as  de- 
veloped from  the  time  of  Koch,  he  may  have  a  comparatively  good  knowledge 
of  the  subject,  but  if  he  knows  nothing  of  the  disease  before  that  time,  he  still 
has  much  U)  learn  about  it.  This  statement  places  a  fair  estinialc  on  the  study 
of  medical  history,  and  if  it  be  true  of  tuberculosis,  it  is  doubly  true  of  dia- 
betes. Like  tuberculosis,  diabetes  has  been  known  from  the  earliest  tin'ies.  Are- 
tieus^  in  the  hrst  centur_\'  left  a  classic  record  of  the  symptoms.  Susruta,-  about 
the  seventh  century,  knew  of  the  i)cculiar  odor  and  sweet  taste  of  diabetic 
urine.  Apart  from  the  taste  and  smell,  little  more  was  known  imtil  the  six- 
teenth centur\-  when  Paracelsus'  (1493-1541),  the  founder  of  chemical  phar- 
macology and  therapeutics,  evaporated  a  liter  l  measure)  of  diabetic  urine  and 
found  that  it  contained  four  ounces  of  what  he  i-alled  salt,  or  niori'  than  t'our 
times  the  amount  found  in  normal  urine,  b'rom  this  discoMMy,  I'aracelsus  taught 
that  the  blo(,)d  of  diabetics  conlaint'd  a  sail,  which,  when  eliniinaled  by  the 
kidneys,  caused  the  poKuria.     Sinin-  llu'  salt   in  the  blood,  according  to  him.  was 
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the  cause  of  the  disease,  he  taught  that  the  treatment  should  be  directed  not 
against  tlie  kidney,  but  toward  the  cause  further  back.  The  kidney,  however, 
had  been  considered  the  seat  of  the  disease  since  the  time  of  Galen,'*  and  but 
little  attention  was  paid  to  the  opinion  or  teaching  of  Paracelsus.  Whatever 
we  may  think  of  Paracelsus,  he,  at  least,  made  men  think,  and  better  still,  made 
them  doubt  the  traditions  and  beliefs  in  medicine  that  were  not  founded  on 
fact.  It  makes  little  difference  what  we  may  think  of  a  man,  if  he  presents 
facts  that  can  be  substantiated,  we  can  not  get  away  from  them.  If  diabetic  urine 
contains  four  times  as  much  solid  matter  as  normal  urine,  the  fact  stands,  and 
must  be  accepted. 

In  1674  Thomas  A\'illis"  emphasized  more  strongly  than  his  predecessors 
the  sweet  taste  of  diabetic  urine,  and  Dobson,^  in  1774,  like  Paracelsus,  evap- 
orated diabetic  urine  and  concluded  that  the  residue  was  analogous  to  sugar. 
Dobson  is  generally  credited  with  the  discovery  that  diabetic  urine  contains 
sugar,  but  this  credit  has  been  protested  and  he  has  even  been  accused  of 
plagiarism  on  this  point.  There  is  no  doubt  but  that  at  the  time  others  reached 
the  same  conclusion.  This  work  of  Dobson  marks  the  beginning  of  the  mod- 
ern era  of  carbohydrate  metabolism  and  the  subject  is  so  closely  related  to  dia- 
betes that  the  two  can  not  be  separated.  About  the  same  time,  Lavoisier'^  proved 
that  the  results  of  the  oxidation  of  foodstuffs  are  the  same  within  the  body  as 
outside  of  it  and  that  the  body  heat  is  derived  from  the  oxidation  of  the  body 
substance.  In  1815  the  French  chemist  ChevreuP  demonstrated  the  identity  of 
grape  sugar  and  diabetic  sugar.  About  this  time  also  Dobson"  noted  that  the 
serum  of  some  diabetics  had  a  sweet  taste,  and  Claude  Bernard  seventy  years 
later  (1847)  proved  definitely  that  the  blood  of  diabetics  contains  sugar."  Be- 
fore this  time,  however,  Tiedemann  and  Gmelin^^  (1821)  discovered  that  dur- 
ing the  digestion  of  starches  in  the  body,  glucose  is  formed  and  from  this  fact 
they  inferred  that  glucose  must  be  an  ingredient  of  the  blood.  This  inference 
was  confirmed  by  Magendie  and  Frerichs  in  the  early  forties,  several  years 
before  Bernard  began  work,  but  the  work  of  Bernard  on  this  point  is  more 
convincing,  and  is  generally  accepted  as  the  first  definite  proof.  Bernard  showed 
the  origin  of  the  blood  sugar  and  definitely  connected  diabetes  and  carbohy- 
drate metabolism.^-  The  term  "metabolism"  was  first  used  by  Liebig^^  in  1842 
and  is  used  to  include  the  total  chemical  changes  of  foodstuffs  under  the  influ- 
ence of  the  enzymes  and  living  cells  of  the  body. 

Since  we  have  defined  metabolism  and  almost  every  one  knows,  or  thinks  he 
knows,  what  diabetes  is,  for  completeness  we  might  define  sugar  also.  The 
term  itself  means  something  with  a  sweet  taste,  and  with  this  as  the  most 
characteristic  quality,  the  method  of  analysis  and  detection  was  rather  easy  in 
the  early  days.  Unfortunately  for  this  rapid  method,  it  has  been  discovered 
that  all  things  with  a  sweet  taste  are  not  sugars,  for  bodies  like  glycerin, 
glycol,  saccharin  and  even  lead  acetate  also  have  a  sweet  taste.  It  is,  there- 
fore, quite  apparent  why  some  of  the  early  reports  of  sugar  in  the  blood  were 
not  definitely  settled  until  a  much  later  period.  Many  textbooks  on  chemistry, 
while  they  tell  the  characters  and  reactions  of  sugar,  hesitate  to  give  a  rigid  defini- 
tion. Time  may  change  the  scope  of  its  definition  like  that  of  many  other  chem- 
ical bodies.     However,  for  the  present,  it  may  be  said  that  a  sugar  is  a  carbo- 
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hydrate  that  contains  one  carbonyl  group  and  sexeral  hydrox}!  groups.  One 
of  the  hydroxyl  groups  must  be  linked  directly  to  a  carbon  atom  in  union  with 
the  carbonyl  group,  so  that  the  characteristic  group  of  these  compounds  is : 
CHOH-CO." 

The  role  of  Claude  Bernard  in  the  field  of  sugar  metabolism  is  especially 
prominent,  \\diile  he  was  an  intern  in  the  Paris  hospitals  under  Magendie/^ 
the  therapy  of  Broussais^^  and  Rasori^'  was  still  in  vogue,  and  although  Magendie 
taught  against  it,  bleeding  for  almost  every  disease  was  a  routine  treatment. 
Liters  of  blood  drawn  for  the  therapeutic  effect  were  available  to  any  investi- 
gator. Thus  it  is  quite  comprehensible  why  Bernard's  thesis  for  the  doctorate 
was  an  investigation  of  the  blood  sugar.  Although  Bernard  is  credited  with  the 
discovery  of  sugar  in  the  normal  blood,  in  his  thesis  for  the  doctorate  he  con- 
tended that  normal  blood  did  not  contain  a  trace  of  sugar. ^*  It  was  only  after 
a  controversy  with  the  chemist  Figuier^^  that  he  finally  proved  that  sugar  is  a 
constituent  of  normal  blood. 

His  failure  at  first  to  detect  sugar,  when  satisfactorily  explained,  led  him 
directly  to  another  important  discovery,  that  is,  the  phenomenon  of  glycolysis 
or  the  disappearance  of  the  sugar  from  the  blood  on  standing.  In  his  first 
work  he  used  blood  that  had  stood  in  the  hospital  wards  from  twelve  to  twenty- 
four  hours.  A\'hen  he  worked  with  freshly  drawn  blood  and  found  that  it 
always  contained  sugar,  he  was  quick  to  infer  that  the  sugar  in  the  old  blood 
had  disappeared  on  standing.  Investigation  easily  proved  the  truth  of  his  con- 
jecture. This  phenomenon  is  of  interest  in  view  of  the  later  work  of  Cohnheim 
and  others  on  the  mechanism  of  sugar  oxidation  in  the  body,  and  was  the  founda- 
tion of  still  further  research  by  Bernard. 

When  the  presence  of  sugar  in  the  normal  blood  had  been  established  and 
also  the  fact  that  sugar  is  formed  from  starches  in  the  gastrointestinal  tract,  it 
was  quite  apparent  that  the  sugar  in  the  blood  may  be  derived  directly  from 
the  carbohydrates  of  the  food.  There  still  remained  to  be  determined  :  ( 1 )  the 
changes,  if  any,  that  the  sugar  undergoes  during  its  passage  through  the  intes- 
tinal wall;  (2)  its  condition  in  the  blood;  (3)  the  changes  through  which  it 
passes  before  oxidation  in  the  body;  (4)  the  difference,  if  any,  between  diabetic 
and  normal  blood.  It  is  believed  by  some  that  the  blood  sugar  is  in  a  combined 
state  or  united  with  something  of  the  nature  of  an  amboceptor  and  that  this 
amboceptor  is  lacking  in  diabetes.  This,  and  other  theories  ha^•e  been  advanced 
to  explain  the  increase  in  the  blood  sugar  in  diabetes  and  the  passage  of  the 
sugar  into  the  urine. 

The  most  important  and  fundamental  work  in  sugar  metabolism  was  the 
discovery  of  glycogen  Ity  Claude  Bernard  (1857).  After  many  attempts  to 
produce  diabetes  artificially,  he  found  tliat  puncture  or  injury  of  the  fourth  ven- 
tricle caused  glycosuria,  lie  then  atlempted  to  tind  the  source  of  the  sugar 
which  appeared  in  the  urine,  and  soon  discf)vercd  thai  aiierial  Iilood  contained 
more  sugar  tlian  the  \enous.  W  lu'n  tlic  carotid  artery  contained  0.12  per  cent, 
the  jugular  \ein  contained  O.OS  ])cr  cent.  Tlie  relation  ot'  the  I't'uior.al  \ein  and 
artery  was  similar.  It  was  evident,  thcrel'ore,  that  >U!^ar  i>  lost  I'roni  the  blood 
to  the  tissues  during  the  circulation. 

\\"n\\  a   flexible  rubber  catheter  or  sound,  he   was   ;ible   to   m;ike   sovnidings 
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and  to  take  blood  for  analysis  from  almost  any  point  of  the  \enous  circuit. -- 
He  introduced  the  sound  into  the  jugular  vein,  pushed  it  down  into  the  right 
heart  and  found  that  the  venous  blood  in  this  region  contained  as  much  sugar 
as  the  arterial  blood.  It  was  clear  that  somewhere  between  the  femoral  vein 
and  the  right  heart,  sugar  was  added  to  the  blood.  To  definitely  locate  the 
source  of  this  addition,  he  passed  the  sound  through  the  heart  and  down  to 
the  level  of  the  kidneys  and  found  that  the  venous  blood  at  that  point  con- 
tained 0.08  per  cent  sugar.  The  sound  was  then  carefully  withdrawn  to  the 
level  of  the  hepatic  vein,  where  the  blood  was  found  to  contain  0.14  per  cent 
sugar.  In  another  experiment,  he  introduced  the  sound  into  the  crural  vein 
to  the  level  of  the  hepatic  vein  and  with  a  syringe,  asi)irated  the  blood  for 
analysis.  It  contained  0.266  per  cent,  while  the  inferior  vena  cava  contained 
0.088  per  cent.  By  these,  and  other  similar  experiments,  he  proved  that  the 
liver  is  the  source  of  the  added  sugar. 

He  also  found  that  if  the  fresh  li\er  was  quickly  removed  from  an  animal 
and  thrown  into  boiling  water,  only  small  amounts  of  sugar  were  obtained. 
But  there  went  into  solution  in  the  water  a  substance  which  made  an  opalescent 
solution  and  which,  when  boiled  with  acid,  or  acted  ujion  by  sali\a,  yielded  a 
reducing  sugar.  Bernard-'  was  also  able  to  isolate  and  study  this  substance, 
which  he  called  glycogen.  The  increased  discharge  of  this  substance  from  the 
liver  is  belie\ed  to  be  the  commonest  cause  of  most  forms  of  hyperglycemia — 
at  least  of  those  that  are  transitory.  Bernard  thought  that  the  increased  blood 
flow  through  the  liver  was  chiefly  responsible  for  the  hyperglycemia,  by  bring- 
ing about  an  increased  rate  of  the  hydrolysis  of  the  glycogen,  or  glycogenolysis. 
Others  have  thought  it  is  due  to  changes  in  glycogen  formation  from  sugar, 
or  glycogenesis. 

Since  the  condition  of  the  glycogen  in  the  li\er  seems  to  be  immediately 
responsible  for  the  hyperglycemia,  it  is  important  to  know  whether  the  increased 
glycogenolysis  or  decreased  glycogenesis  is  due  directly  to  the  liver  itself,  or 
whether  it  is  due  to  defects  in  other  organs  which  act  indirectly  on  the  liver. 
Almost  all  other  organs  have  been  incriminated  in  the  trouble. 

Nicolas  and  Gueudville,  following  Rollo,'-^  regarded  diabetes  as  a  derange- 
ment of  the  digestive  functions  with  the  initial  lesion  in  the  intestine,  and  per- 
haps due  to  changes  in  the  gastric  juice.  Although  they  founded  a  system  of 
treatment  based  on  this  theory,  they  never  attempted  to  support  it  by  experi- 
mental evidence.  Recently,  Croftan-'^  thought  that  he  obtained  evidence  show- 
ing that  the  intestine  is  necessary  for  the  polymerization  of  sugar  and  the  forma- 
tion of  glycogen.  According  to  him  the  sugar  must  pass  through  the  intestinal 
wall,  otherwise  no  glycogen  can  be  formed.  He  claimed  that  if  the  sugar  be 
injected  into  the  veins  going  directly  to  the  liver,  without  first  passing  through 
the  intestine,  no  glycogen  is  formed.  Pfliiger-''  denies  Croftan's  contention  abso- 
lutely, and  Macleod"-'  rejects  his  evidence  as  entirely  inadequate. 

There  is  also  much  circumstantial  evidence  against  the  intestines  being  im- 
portant in  the  glycogen  formation.  Karl  Grube--  showed  that  the  liver  poly- 
merizes only  the  monosaccharides.  Again,  if  any  of  the  polymerized  forms  of 
sugars,  dextrines,  or  starch  are  injected  into  the  blood,  the  diastases  of  the 
blood  immediately  break  them  down  into  simple  sugars.     What  is  not  hydrolyzed 
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is  excreted  by  the  urine  or  intestine.  It  would  seem,  ho\ve\er,  that  if  any 
polymerization  of  the  sugar  from  the  intestinal  tract  takes  place  while  passing 
through  the  gut  wall,  it  would  be  hydrolyzed  again  in  the  blood,  and  energy  lost 
in  such  a  mechanism.  It  is  still  possible  that  some  other  modification  of  the 
sugar  takes  place  to  aid  in  glycogen  formation,  but  more  evidence  is  necessary 
before  it  deserves  serious  consideration. 

Against  this  assumption  is  the  conditicjn  of  the  sugar  in  the  blood.  The 
weight  of  evidence  now  favors  the  opinion  that  the  sugar  in  the  blood  exists 
in  the  same  state  as  it  exists  in  a  water  solution.  The  proof  of  this  is  as 
follows :  Rona  and  Michaelis-"  have  shown  that  the  proteins  of  the  blood  can 
be  precipitated  by  colloidal  ferric  hydroxide,  and  when  this  is  done,  all  of  the 
sugar  is  in  the  filtrate.  By  this  method,  the  minimal  amount  of  change  in  the 
proteins  occurs,  and  suggests  strongly  that  the  blood  sugar  is  uncombined.     ]\Iany 

1 


Fig.   1. 


Fig. 


Figs.    1    and   2. — Dialyzing  Apparatus   Xot   Requiring   Anticoagulants. 

1. — Complete  apparatus. 

2. — Interior  part   of  apparatus. 
.-} — Collodion   tuties. 
B — Glass   support   or  frame. 

C  and  D — Glass  cannula,  C  is  inserted  into  the  artery;  P.  into  the  corresponding  vein.  'I'lie 
side  tubes,  E  and  F,  are  closed  with  a  screw  clamp,  and  rubber,  and  permit  a  flu.-hing  out  of  the  apparatus 
without  disconnecting,   in  case  of  clotting. 

When  the  artery  is  opened,  the  blood  circulates  through  the  collodion  tube  ./.  ami  is  returned  to  the 
animal  into  the  vein  by  D.     Water,  or  saline,   surrounds  the  tubes  in  the  jacket  C. 

The  rubber  tubing  //  and  the  reservoir  /,  when  raised  and  lowered,  cause  the  fluid  around  the  tubes 
to  move  or  circulate,  and  thus  hasten  dialysis.  The  screw  clamp,  /,  permits  one  to  regulate  the  pressure 
within  the  jacket  and  around  the  collodion  tubes.  This  is  an  important  procedure  and  the  pressure  shmild  lie 
so   regulated   that    the   jiulsations    in    the   tulie   resemljle   those    in    the   artery. 

Special  precauti(jns  should  be  taken  to  insure  against  leaking  at.  the  glass  and  collodion  joints  K.  To 
secure  this,   we  used  adhesive  tajie  and   thread  ligatures. 

Others  have  dialyzed  the  freshly  drawn  blootl  and  lia\e  been  able  to  dialvze  out 
all  of  the  sugar.  If  this  were  a  colloidal  form,  such  a  separation  would  be 
improbable.  Even  such  mild  inanii)ulations  ina\-  break  up  weak  combinations 
of  the  sugar  with  proteins  or  other  colloids,  and  mi  lo  get  -till  ncnci-  the  ;ictual 
condition,  C.  L.  Hess'"'  and  I  dialyzed  the  iioiinal  circulating  blood  ;md  found 
that  all  of  the  sugar  can  be  dialyzed  out.  The  apparatus  which  we  used  was 
a   modification   of   the   dialyzing   a])paratus    used    by    Abel    ;ind    his    cow nrkei-s  ■' 
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and  consists  essentially  in  placing  a  segment  of  an  artificial  artery,  composed 
of  collodion,  between  the  cut  ends  of  a  normal  artery  in  such  a  way  that  it 
can  be  immersed  in  water  or  saline,  and  dialysis  accomplished  while  the  blood 
is  circulating  within  the  animal.  The  general  technic  and  the  illustration  of  the 
instrument  will  suffice  here.  Details  are  giyen  in  the  Journal  of  Phanuacology, 
1914.  yi,  45. 

The  general  technic  of  the  experiments  was  as  follows : 
Dogs  were  anesthetized  with  dififerent  anesthetics,  and  the  apparatus  at- 
tached to  the  carotid  artery  and  external  jugular  vein,  on  the  same  side,  or  in 
the  femoral  vessels.  By  avoiding  all  roughness  in  the  glass  and  by  keeping  a 
pulsation  in  the  dialyzer,  we  were  able  to  work  without  an  anticoagulant,  and 
by  raising  and  lowering  /,  to  cause  a  circulation  of  the  liquid  around  the  dialyz- 
ing  tubes,  which  greatly  hastened,  dialysis.  The  results  obtained  by  this  method 
are  illustrated  in  Table  I. 

Table  I 


Percentage 

of  sugar  in 

ANESTHETICS 

DIALYSIS 

PLASMA 

DIALVSATE 

PLASMA 

DIALYSATE 

USED 

HoO 

HoO 

Morphine 

3.0  hrs. 

0.135 

0.139 

0.147 

0.141 

Morphine 

5.0     " 

0.125 

0.133 

0.136 

0.135 

Morphine 

6.0     " 

0.088 

0.099 

0.096 

0.100 

Ether 

4.5  ." 

0.083 

0.087 

0.090 

0.088 

Morphine  and 

ether 

5.0    " 

0.073 

0.082 

0.080 

0.083 

TJrethane 

2.0    " 

0.151 

0.168 

0.164 

0.169 

XJreth-ane  and 

ether 

3.5     " 

0.163 

0.175 

0.177 

0.177 

Urethane  and  ether 

4.5     " 

0.153 

0.169 

0.167 

0.171 

Urethane  and  ether 

1.0     " 

0.157 

0.173 

0.170 

0.175 

While  this  w-ork  shows  that  the  sugar  of  the  blood  is  in  the  same  state  as  in 
a  water  solution,  there  still  remains  the  possibility  of  a  loose  combination  sim- 
ilar to  oxygen  and  hemoglobin,  which  might  be  broken  by  even  such  mild  manipu- 
lations as  dialysis.  It  is  difficult  to  imagine  a  more  delicate  method  than  the 
dialysis  of  the  normal  circulating  blood.  However,  we  have  tried  every  method 
that  has  suggested  a  possibility  of  aiding  in  the  solution  of  the  problem.  In 
comparing  different  methods  of  analysis  of  blood  sugar,  we  found  a  great  varia- 
tion in  the  results.  It  was  hard  to  get  a  perfect  quantitative  agreement  when 
dififerent  methods  were  used.  Recently  some  investigators  w'orking  on  the  nor- 
mal level  of  the  blood  sugar  have  come  to  the  conclusion  that  the  higher  levels 
reported  are  due  to  excitement.  It  has  been  known  from  the  time  of  Bernard 
that  nervous  influences'-'  ^^  play  a  great  part  in  regulating  the  amount  of  sugar 
in  the  blood  and  that  there  is  some  change  in  the  amount  of  the  blood  sugar 
during  excitement.  We  have  found  that  the  greatest  cause  for  the  variation 
is  in  the  methods  of  analysis  and  especially  in  the  composition  of  Fehling's 
solution.  The  composition  of  this  solution  as  recommended  by  various  workers 
varies  greatly  in  alkalinity  and  we  have  found  that  this  is  the  chief  cause  for 
the  variation  reported  in  the  normal  level  of  the  blood  sugar.*" 

As  an  indication  of  the  variation  in  alkalinity  of  Fehling's  solution,  the 
XJ.  S.  Pharmacopeia  VII  recommended  125  grams  KOH  in  500  c.c.     Revision 
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VIII  reduced  this  to  75  and  the  current  issue  IX  reduces  this  to  50  grams. 
While  this  difference  in  alkalinity  makes  relatively  little  difference  in  the  yield 
of  sugar  from  a  pure  water  solution,  it  makes  a  great  difference  in  blood  analy- 
sis. The  reason  seems  to  be  that  the  precipitants  used  to  remove  proteins  leave 
an  interfering  body  in  varying  amounts  in  the  filtrate;  and  in  presence  of 
stronger  alkali,  this  body,  whatever  it  may  be,  prevents  the  reduction  or  pre- 
cipitation of  the  cuprous  oxide. 

The  two  most  used  methods  for  the  determination  of  sugar  in  the  blood 
are  the  Bertrand'^*  modification  of  Fehling's  method  and  the  Lewis-Benedict 
method."-^  In  a  recent  investigation  on  the  condition  of  the  sugar  in  the  blood, 
E.  L.  Ross  and  I  used  both  of  these  methods. 

Benedict  uses  picric  acid  for  the  removal  of  the  proteins,  and  the  protein- 
free  picric  acid  filtrate  is  simply  heated  with  sodium  carbonate.  In  the  pres- 
ence of  sugar  the  picric  acid  is  reduced  to  picramic  acid,  which  gives  a  red  cplor. 
The  depth  of  the  color  depends  on  the  amount  of  sugar  present,  so  that  the 
amount  can  be  determined  by  comparing  the  color  with  that  of  a  known  solu- 
tion of  sugar. 

While  engaged  in  this  work,  we  first  noticed  the  note  by  \\\  B.  Smith''' 
that  picric  acid  does  not  interfere  w'ith  the  results  of  Fehling's  solution.  Such 
being  the  case,  it  renders  the  two  methods  directly  comparable  since  the  con- 
ditions of  precipitation  can  be  made  exactly  alike.  The  difference,  however,, 
between  the  analyses  of  the  blood-picric  filtrate  by  the  two  methods  was  so 
enormous  that  we  doubted  the  truth  of  the  statement.  ^^  e  found  that  in  con- 
trol work,  picric  acid  does  not  interfere  with  the  Bertrand  method,  as  the  fol- 
lowing results  show:  A  solution  of  dextrose  was  prepared,  approximately  0.1 
per  cent  in  water  and  determined  by  the  Bertrand  method  with  the  following 
results : 

Normal  .110% 
.110% 

After  the  addition  of  1  gram  picric,  an  amount  greatly  in  excess  of  satura- 
tion, but  which  went  into  solution  on  boiling,  the  results  were : 

.113% 

.115% 

This  slight  increase  might  be  considered  negligible  and  within  the  limits 
of  error.  It  is  constant  and  due  to  a  salt  action,  as  salts  to  some  extent  increase 
the  reduction  of  alkaline  copper. 

This  influence  of  salt  on  the  result  of  the  lU-rirand  meihod  is  shown  by 
the  following  figures : 

Sugar  in   Water  Suf/ar  in  Sail 

I                                 II  HI                                 l\'                                V 

2%  Na.,SO.  S7o  Xa^SO^                12%  Na,S(),  2S%  Xa,SO,. 

0.85%                       n.889J  0.92%                          0.110%                         0.110% 

Beyond  12  per  cent,  the  inlluence  of  the  salt  docs  not  change.  \\'c  quote 
this  salt,  and  10  to  20  per  cent,  because  hitherto  in  the  precipitation  of  the  jiro- 
teins  from  Ijlood,  we  have  used  sodium  suljihatc  and  acetic  acid  to  a  great  ex- 
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tent.  The  most  probable  explanation  of  the  salt  action  is  its  influence  on  the 
boiling  point  of  the  solution. 

Having  con\inced  ourselves  that  picric  acid  does  not  interfere  with  the  re- 
sults of  the  Bertrand  method,  and  that  what  slight  influence  it  has,  is  to  increase 
the  yield  of  sugar,  we  investigated  the  differences  in  the  results  of  the  Bertrand 
and  the  Lewis-Benedict  methods.  The  comparison  here  is  very  direct  since  we 
use  picric  acid  to  remove  the  proteins  in  each  case,  but  any  method  of  removal 
of  the  proteins  of  the  blood,  where  acid  is  avoided,  will  give  results  similar  to 
these  quoted.  \\'e  had  corroborated  the  work  by  the  use  of  (1)  alcohol,  (2) 
methyl  alcohol,  (3)  colloidal  iron,  (4)  sodium  sulphate,  (5)  basic  lead  acetate, 
(6)  dialysis  of  the  serum. 

The  Lewis-Benedict  method  was  carried  out  as  recommended  by  Meyers 
and  Bailey. '°  The  following  table  shows  sorhe  of  the  results  we  have  obtained 
by  ^hese  methods  directly,  and  also  by  Bertrand's  method  after  "hydrolysis." 
Details  of  the  work  are  given  in  the  Journal  of  Biological  Chciiiistry,  1917,  xxxi, 
553. 


Bertrand  Direct 

with  12.5%  KOH,  Fehling 

solution 

Average 0.024 


Lewis-Benedict 


0.094 


Bertrand 

after  "hydrolysis"  or  directly 
with  5  per  cent  KOH,  Fehling 
solution 

0.099 


In  seeking  for  the  cause  of  the  great  difference  between  the  Bertrand  and 
the  Benedict  methods,  we  naturally  suspected  the  presence  of  a  sugar  combina- 
tion— "virtual  sugar" — or  a  sugar  of  the  maltose  type,  and  for  this  reason  hydro- 
lyzed  and  obtained  a  rise  in  the  amount,  and  a  figure  which  in  most  cases  agrees 
A^ery  closely  with  the  Benedict  method.  There  were  many  facts,  however,  that 
made  us  doubt  that  there  was  an  actual  hydrolysis.  First,  to  get  the  highest  re- 
sults, we  had  to  use  a  certain  amount  of  acid,  which  reduced  the  alkalinity  of 
Kehling's  solution  from  12.5  per  cent  KOH  to  5  per  cent,  and,  second,  the  time 
necessary  for  the  completion  of  the  supposed  hydrolysis  was  very  short,  and 
higher  results  were  obtained  if  the  acid  used  was  not  neutralized  before  applying 
the  Fehling  solution.  Finally  we  found  if  the  acid  were  added  directly  to  the 
Fehling  solution;  i.e..  lessened  alkalinity  of  the  Fehling,  the  same  results  were 
obtained  as  after  the  supposed  hydrolysis.  It  is  evident,  therefore,  that  lessened 
alkalinity,  and  not  hydrolysis,  is  the  true  explanation.  The  reason  for  not  neu- 
tralizing after  hydrolysis  and  before  using  the  Fehling  was  due  to  the  fact  that 
there  is  great  variability  in  the  alkalinity  of  Fehling's  solution,  as  recommended 
in  standard  works,  and  even  without  neutralizing,  we  had  still  a  strongly  alkaline 
liquid  that  corresponded  to  many  so-called  Fehling  solutions. 

With  a  w'ater  solution  of  dextrose,  almost  theoretic  results  can  be  obtained 
with  Bertrand's  method  as  we  have  used  it.  The  above  results  of  blood  analysis 
are  so  striking,  and  so  out  of  harmony  with  current  opinion,  that  errors  in 
method,  or  the  presence  of  interfering  bodies,  must  be  seriously  considered. 
Traces  of  protein  or  other  bodies,  which  hold  cuprous  oxide  in  .solution  were 
thought  of.  The  presence  of  such  bodies  at  first  seemed  improbable,  as  is  shown 
by  the  following  work. 

First,  dextrose  added  to  normal  or  to  diabetic  blood  can  all  be  recovered. 


SUGAR    METABOLISM    AND   DIABETES  327 

This  has  been  shown  in  many  cases.  Second,  the  result  of  dialysis  shows  that 
whatever  the  nature  of  such  a  body  may  be,  it  is  dialyzable.  Dialysis  does  not 
preclude  peptone  bodies,  which  perhaps  would  be  the  i^rotein  that  would  inter- 
fere most.  Such  a  body,  however,  would  seem  to  be  excluded  by  the  lessen- 
ing of  the  alkalinity  which  removes  the  effect,  and  could  not  remove  the  inter- 
fering body.  \\'hile  the  presence  of  peptone  thus  seems  improbable,  its  pos- 
sibility still  remains,  for  we  know  that  traces  of  peptone  beyond  detection  or 
recognition  markedly  influence  the  Bertrand  method,  while  they  have  little  influ- 
ence on  Benedict's  method.  If  such  a  body  is  present  its  solvent  effect  is  lim- 
ited, because  added  sugar  can  be  recovered  and  changes  in  the  blood  sugar  are 
easily  recognized.  Third,  the  action  of  ether:  In  anesthetized  animals,  and  in 
diabetics,  we  can  detect  no  change  in  the  blood  protein.  Here  again  the  presence 
of  a  disturbing  body  might  well  escape  us,  because  the  amount  of  sugar  in  these 
cases  is  so  large  that  a  change  which  would  make  a  large  percentage  change  in 
normal  blood  would  be  relatively  insignificant  here. 

Instead  of  a  protein  the  interfering  body  might  be  a  dextrin-like  body,  but 
the  fact  that  it  will  dialyze  arid  is  easily  "hydrolyzed"  removes  the  probability 
of  a  dextrin. 

Very  recently  Scott"'  has  suggested  the  presence  of  a  lecithin  combina- 
tion, but  this  seems  improbable  since  extraction  of  the  picric  filtrate  or  of  the 
blood  with  ether  before  precipitation  does  not  change  the  sugar  in  any  w^ay. 
This  does  not  disprove  Scott's  contention  that  lecithin  may  combine  with  dex- 
trose, as  he  was  working  under  different  conditions.  It  is  also  not  a  glycogen- 
like  body  because  when  alcohol  is  used  to  precipitate  the  proteins,  the  glycogen 
would  be  removed,  and  yet  we  obtain  results  similar  to  the  picric  acid  method. 

The  only  investigator,  so  far  as  we  know,  who  has  reported  the  normal 
level  of  the  blood  sugar  nearly  as  low  as  the  figures  we  give  for  the  direct  de- 
termination after  precipitation  by  picric  acid  is  Shaffer.-^^  His  average  for  the 
normal  blood  sugar  in  four  dogs  was  0.036.  0.020,  0.046,  and  0.026  per  cent, 
figures  that  agree  closely  with  ours  by  the  direct  picric  acid  method.  His  re- 
sults after  anesthesia  show  a  considerable  rise,  showing  also,  we  think,  agree- 
ment with  our  explanation  that  sugar  added  by  any  cause  can  be  recovered. 
The  low  results  he  at  first  obtained  we  think  are  due  to  the  solvent  action  of 
the  strong  alkali  on  the  cuprous  oxide  which  is  increased  by  a  yet  unknown 
body  in  the  blood.  This  solvent  action  is  fully  satisfied  by  the  amount  of  sugar 
in  the  normal  blood  .so  that  added  sugar  or  the  increase  due  to  anesthesia  may 
be  recovered.  This  solvent  action  is  much  greater  in  a  lilood  tillrale  ihan  in  a 
water  solution.  If  the  picric  filtrate  is  boiled  alone  or  if  sodium  suli^hatc  is 
added  and  it  is  boiled,  a  higher  sugar  yield  is  obtained.  This  seems  to  be  due 
to  the  removal  of  an  interfering  l)Ocly. 

Anesthesia  and  morpliine  increase  the  amount  of  sugar  when  determined  by 
the  Bertrand  method  after  i)rccipilalion  of  ihe  proteins  by  picric  acid.  This 
action  is  apparently  not  due  to  Ihc  l)reaking  up  of  a  sugar  combination,  liecause 
blood  exlracled  directK'  with  etluT  is  not  changed,  nor  is  picric  blood  ldlr;ite 
changed  by  similar  treatment. 

That  nio]|)liint'  increases  the  sugar  as  dcleiiniiu'd  by  tlii>  method  is  shown 
by   tl)c    tollowing   ex|ieriment. 
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Fchling  Solution 


.Normal   dog.     Blood   sugar  direct 
3  hrs.  after  0.15  gm.  morphine 
Normal  dog 
After  ether 


12.57o  KOH 
0.015% 
0.165% 
0.0207o 
0.080% 


5%  KOH 
0.08% 
0.225% 
0.110% 
0.156% 


The  opinion  has  been  expre.ssed  by  more  than  one  writer  that  the  sugar  in 
the  blood  exists  in  combination  with  something  of  the  nature  of  an  amboceptor.^* 
There  are  some  facts  brought  out  by  the  picric  acid  precipitation  of  proteins  that 
might  be  used  to  sustain  this  theory.  Since  the  use  of  picric  acid  seems  to  show 
that  the  blood  sugar  is  not  a  simple  solution  of  glucose  in  water,  its  use  also 
permits  the  testing  of  the  amboceptor  hypothesis  and  to  a  considerable  extent 
supports  that  theory. 

For  example,  Shaffer"^  found  that  dextrose  added  to  a  solution  of  sugar 
that  had  fermented  with  yeast  could  not  be  completely  recovered.  We  have 
been  able  to  confirm  this  statement,  and  since  the  utilization  of  the  dextrose  by 
the  yeast  cell  is  probably  by  the  same  mechanism  as  in  the  animal  cell,  this  mask- 
ing or  combining  with  the  sugar,  suggests  a  similar  preliminary  step  in  the 
animal  body.     Accordingly,  we  have  tested  blood  by : 

1.  Adding  sugar  directly  to  it  when  fresh,  and  determining  the  amount  of 
the  added  dextrose  that  could  be  recovered. 

2.  The  same  addition  after  blood  had  undergone  glycolysis. 

3.  Comparing  normal  and  diabetic  blood. 

In  the  normal  blood  the  added  sugar  can  be  recovered,  while  in  the  blood 
that  had  been  freed  from  sugar  by  glycolysis,  added  sugar  is  immediately  masked 
as  in  yeast  fermentation,  and  can  not  be  recovered  tmtil  after  the  addition  of 
acid.  This  suggests  that  the  blood  sugar  normally  is  in  combination,  and  that 
when  the  sugar  is  removed  by  glycolysis,  the  amboceptors^  still  retains  the  power 
to  unite  with  free  dextrose,  converting  it  into  the  same  form  as  the  dextrose 
normally  existing  in  the  blood. 

In  like  manner  we  determined  the  sugar  in  nonual  blood  directly  by  the 
picric  acid  Bertrand  method,  and  found  that  all  the  added  sugar  can  be  recov- 
ered, while  in  blood  that  had  undergone  glycolysis,  a  certain  amount  apparently 
combined  with  the  amboceptor,  and  could  be  recovered  only  after  adding  acid 
or  reducing  the  alkalinity  of  Fehling's  solution.  The  following  experiments 
illustrate  this. 

Normal  blood  was  glycolyzed  until  it  showed  no  sugar  when  tested  with 
Fehling's  solution.*"  The  Benedict  method  showed  0.016%  ;  Fehling  containing 
2.5  per  cent  NaOH  or  10  per  cent  NaoCO,  gave  0.01  per  cent.  If,  now,  100  c.c. 
of  this  glycolyzed  blood  be  precipitated  with  picric  acid  and  to  the  picric  acid 
filtrate  we  add  10  c.c.  of  dextrose  solution — or  0.102  per  cent — and  determine 
how  much  of  this  can  be  recovered  by  varying  the  alkalinity  of  Fehling's  solu- 
tion, we  find  for  the  original  undiluted  Fehling  containing  12.5  per  cent  NaiOH — 
only  60  per  cent  recovered,  or  0.060.  Five  per  cent  NaOH  gives  0.110;  2.5  per 
cent  gives  0.120  per  cent.  We  thus  find  that  added  sugar  can  be  recovered  if  not 
too  much  alkali  is  added,  or  if  sodium  carbonate  is  used  instead  of  KOH. 

Controls   with  water   solution   gave  with   12.5   per   cent   NaOH,   0.102  per 
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cent;  with  5  per  cent  NaOH,  0.110  per  cent.  With  the  weaker  alkah,  conse- 
quently, we  recover  the  total  sugar  added,  and  the  actual  or  total  sugar  of  the 
blood. 

The  following  results  show  how  changing  the  alkalinity  influences  the  yield 
of  the  sugar  as  determined  by  Bertrand's  modification  of  Fehling's  solution. 

XaOH7f  in  Fehling's  sol.  Dog's  blood  sugar 

12.5%  0.018% 

5    %  0.0907c 

4   %  0.105% 

2.5%  0.122% 

The  Lewis-Benedict  method  on  this  blood  gave  0.106  per  cent. 

Increasing  the  amount  of  copper  in  the  Fehling  solution  while  the  alkalinity 
remains  constant  (12.5%  NaOH)  has  the  same  effect  as  decreasing  the  alkalinity 
and  keeping  the  amount  of  copper  sulphate  constant,  as  the  following  analysis 
of  dog's  blood  will  show. 

CuSOi  Per  cent  sugar 
2%  0.021% 

4%o  0.044% 

8%  0.096% 

A  solution  of  dextrose  in  water  or  in  picric  acid  solution  is  not  nearly  so 
much  influenced  as  a  blood  filtrate  by  the  variation  of  the  copper,  or  by  changes 
in  the  alkalinity.  The  following  table  shows  the  relatively  slight  variation  of 
the  same  dextrose  solution  in  water  by  varying  the  copper  in  Fehling's  solution, 
while  the  alkalinity  remains  12.5%  NaOH. 

CuS04  Per  cent  dextrose 
2%  0.070% 

4%  0,088% 

8%  0.102% 

THE    DIFFERENCE    BETWEEX    NORMAL    AND    DIABETIC    BLOOD 

We  have  examined  the  blood  of  several  normal  and  diabetic  persons  which, 
at  one  stage  of  the  work,  we  thought  showed  a  significant  difference,  ^^llen 
examined  more  closely,  we  think  no  such  dift'erence  exists.  The  ratio  of  the 
amount  of  sugar  found  by  using  12.5  per  cent  KOH  in  Fehling's  solution  to 
that  determined  by  using  5  per  cent  KOH  Fehling  is  striking. 

Ratio  in  Xoniial  Dogs 

12.5%)  of  KOH   Fehling  5%  KOH  Fehling  Ratio 

0.0487c  0.1407c  1 :3 

0.010%  0.0677c  1 :7 

0.0287c  0.0707c  l:-'-5 

0.0257c  0.0927c  1  :4 

0.0207o  0.1107c  1:5 

Average  of  12  1  :4 

The  influence  of  anesthesia,  as  is  well  known,  raises  the  IJood  sugar,  and  it 
continued  long  enough,  may  cause  a  glycosuria.  It  also  changes  this  ratio  re- 
markably. 


12.5%  KOH 

5%  KOH 

Ratio 

0.020% 

0.110% 

1:5 

0.08  % 

0.156% 

1:2 

0.052% 

0.104% 

1:2 

0.205%, 

0.260% 

1:1.5 
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T.  Normal 

After  2  hours  ether  anesthesia 
II.  After  10  minutes  ether 
III.  After  3  hours  ether 

Ether  always  reduces  this  ratio,  as  does  anything  that  raises  the  amount 
of  sugar  in  the  blood.  In  six  dogs  under  ether  for  1  hour,  the  ratio  fell  from 
1  :4  to  1  :3.  In  a  case  of  adrenaline  glycosuria  without  ether,  the  ratio  was  prac- 
tically 1:1.  In  one  case  of  phlorizin  diabetes,  in  which,  as  is  well  known,  the 
blood  sugar  does  not  increase,  the  ratio  did  not  change. 

In  normal  human  beings,  the  ratio  is  practically  the  same  as  in  normal  dogs. 


No. 

12.5%  KOH 

57^  KOH 

Ratio 

1 

0.025% 

■  0.090% 

1:3.6 

2 

0.035% 

0.160% 

1  :4.8 

3 

0.082% 

0.2307o 

1:3 

4 

0.082% 

0.240% 

1:3 

Human  diabetic  blood  again  shows  almost  a  ratio  of  1:1  as  the  following 
results  from  3  cases  of  diabetes  will  show. 

No.  12.57r  KOH  5%  KOH  Ratio 

1  0.172%>  0.2567r   ■  1:1.5 

2  0.290%  0.307%  1:1.05 

3  Q.670%  0.730%  1:1.1 

Some  of  this  diabetic  blood  was  allowed  to  glycolyze  in  the  incubator  at 
40°  C.  until  the  sugar  had  all  disappeared,  and  then  a  known  amount  of  glucose 
was  added.  Of  the  added  glucose,  in  two  cases  only,  40  and  60  per  cent  were 
recovered,  when  analyzed  by  the  strong  alkali  Fehling,  so  that  if  there  be  such 
a  thing  as  an  amboceptor,  it  acts,  so  far  as  we  can  make  out,  as  strongly  in 
diabetic  blood  as  in  normal. 

Closer  analysis  leads  us  to  reject  the  amboceptor  theory  and  to  incline 
towards  the  opinion  that  there  is  no  difference  in  the  state  of  the  sugar  in  normal 
and  diabetic  blood.  The  difiference  in  the  amount  of  blood  sugar  found  when 
we  use  a  Fehling  solution  which  contains  12.5%  NaOH  and  the  amount  found 
when  we  use  5%  NaOH  Fehling  is  enormous.  The  difference  between  the 
results  obtained  by  the  stronger  Fehling  solution  and  the  Lewis-Benedict  is 
about  the  same  as  between  the  two  concentrations  of  the  Fehling  solution.  \\'hen 
all  these  methods  are  tested  on  a  solution  of  dextrose  in  water,  there  is  very 
little  difference  in  the  results  obtained  by  all  of  these  methods.  Consequently, 
at  first  one  is  inclined  to  believe  that  the  sugar  in  the  blood  exists  in  a  different 
state  than  sugar  in  water.  The  results  obtained  from  a  blood  filtrate  suggest 
at  first  that  some  of  the  blood  sugar  is  in  a  combined  form.  The  substance  to 
which  the  sugar  may  be  combined  might  be  considered  as  the  postulated  ambo- 
ceptor. On  analysis,  however,  it  is  seen  that  the  difference  in  the  resi.ilts  of  these 
methods  depends  on  an  interfering  body.  This  body  apparently  interferes  more 
in  strong  alkali  than  in  weaker,  and  it  is  just  as  active  in  the  blood  of  pronounced 
diabetes  as  in  the  normal  blood.  It  does  not  interfere  with  the  Lewis-Benedict 
method. 

In  the  worst  case  of  diabetes  cited,  the  blood  sugar  found  by  using  12.S% 
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NaOH  Fehling  solution  was  0.670%  while  that  found  by  using  5%  NaOH  was 
0.730"v'f .  The  ratio  here  is  approximately  1  :1.  This  might  mean  that  no  ambo- 
ceptor was  present.  The  actual  difference  in  the  amount  of  sugar  in  this  case 
as  determined  by  the  two  concentrations  of  Fehling's  solution  is  0.06%  or 
exactly  the  amount  of  difference  in  normal  blood.  On  account  of  the  low 
initial  figure  of  normal  blood,  the  ratio  would  be  about  1  :4.  Consequently  we 
are  forced  to  admit  that  this  ratio  does  not  mean  that  there  is  a  difference  be- 
tween diabetic  blood  and  normal  blood. 

It  has  been  shown  above  that  after  glycolysis  diabetic  blood  will  act  towards 
added  sugar  just  as  normal  blood,  and  the  reason  the  added  sugar  can  not  be 
recovered  by  the  Bertrand  method  is  because  of  an  interfering  body. 

The  nature  of  this  body  is  organic  because  blood  ash  does  not  interfere. 
Alkali  normal'.y  dissolves  some  cuprous  oxide.  In  the  presence  of  this  organic 
substance  wl'.ich  picric  acid  does  not  remove,  the  solvent  action  of  the  strong 
alkali  is  increased.  Looked  at  in  this  way,  there  is  nothing  to  indicate  an  ambo- 
ceptor or  sugar  in  the  blood  in  a  combined  form. 

Since  direct  examination  shows  that  the  sugar  of  the  blood  exists  as  a  water 
solution,  we  have  sought  by  indirect  methods  to  gain  further  evidence  either 
for  or  against  this  opinion.  One  method  of  attack  was  to  determine  whether 
or  not  tissues  or  cells  can  utilize  free  sugar. 

Ludwig*^  thought  that  oxidation  took  place  in  the  blood.  We  now  know 
that  the  blood  sugar  is  oxidized  by  the  form  elements  of  the  muscles  and  glands 
mainly,  and  only  in  minute  amount  in  the  blood.  No  oxidation  takes  place  in  the 
serum  other  than  that  due  to  the  alkalinity  of  the  solution.  I  have  kept  serum 
for  ten  days  in  the  incubator  at  40°  C,  without  an  ap])recial)le  loss  of  sugar, 
while  in  the  whole  blood,  the  sugar  under  the  same  conditions  disappears  com- 
pletely in  twenty-four  hours,  \\4ien  the  blood  is  laked,  glycolysis  stops.  The 
corpuscles  contain  \ery  little,  if  any,  sugar.  All  these  facts  are  in  keeping  with 
the  opinion  that  the  blood  sugar  is  in  free  condition.  That  the  oxidation  takes 
place  in  the  form  elements,  and  that  the  free  sugar  can  be  directly  oxidized,  is 
supported  by  many  f)ther  facts.  First,  in  fermentation  of  }'east,  there  is  no 
action  outside  the  cell,  no  extracellular  enzyme.  This  may  be  easily  shown  by 
adding  yeast  to  a  solution  of  dextrose,  and,  when  fermentation  is  progressing 
rapidly,  by  filtering  the  solution  through  an  ordinary  filter  i)a|)er.  Filtration  by 
straining  out  the  yeast  cells  stops  fermentation  instantly.  .Again,  lilood  t1(nving 
thnmgh  living  tissue  loses  some  of  its  sugar,  as  Bernard  has  shown.  The  amount 
is  small,  but  may  be  increased  b\'  muscular  contraction  ;  in  fad,  ihis  is  a  method 
sometimes  u>ed  to  free  rm  animal  of  glycogen.  I'}'  use  of  strychnine  tetanus, 
strong  muscular  contractions,  or  other  means  leading  to  extreme  fatigue,  the 
liver  becomes  glycogen-free.  That  the  free  sugar  can  be  used  in  this  way  is 
shown  by  perfusing  isolated  organs,  as  the  he.art.  or  nuisclo.  ^'e;^"s  ago.  I  per- 
fused the  isolated  hind  legs  of  animals,  kee])ing  one  leg  in  e;icli  case  for  con- 
trol, and  wjiilc  the  iiei'fusion  was  pi-ocecding.  kept  the  luuscles  wurking  1)\-  elec- 
trical stimulation.  The  results  clearK'  sJiowcd  a  loss  ot  sugai',  a])p;irentl\'  b\' 
direct  lUilization.  This  work  was  done  when  we  beliiAcd  (hat  the  Mood  sug.ar 
existed  in  a  colloidal  slate.  \\\  more  rehncd  mclliods,  nioix'  exact  liguix's  mav 
be   obtained,    but     w  t'    think    lliat    the    fails    will    icmain    csseiilialK     the    s.-mu'.'- 
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The  method  used  consisted  in  perfusing  the  organ  under  investigation  with 
blood  containing  a  known  amount  of  sugar,  and  determining  the  loss  of  sugar 
during  the  perfusion.  One  hind  leg  of  an  animal  was  perfused  and  the  other  used 
as  control.  Account  was  taken  of  the  amount  of  glycolysis  that  the  blood  would 
have  undergone  during  the  time  of  the  perfusion,  the  changes  in  the  glycogen 
content  of  the  leg,  the  changes  in  the  sugar  content  of  the  leg,  and  the  loss  of 
sugar  from  the  blood.  \\'hile  the  perfusion  lasted,  the  leg  was  stimulated 
through  the  nerve  with  an  electric  current.  The  idea  of  this  was  to  increase 
the  amount  of  sugar  oxidized. 

During  the  perfusion  there  was  never  found  any  formation  of  glycogen.  Ap- 
parently the  power  of  glycogen  formation  is  lost  before  the  pozver  to  oxidize 
sugars.  This  point  would  indicate  that  glycogenesis  may  be  most  at  fault  in 
diabetes.  The  monosaccharides  only  were  oxidized.  When  the  leg  failed  to 
respond  to  electrical  stimulation,  the  power  to  oxidize  sugars  was  greatly  re- 
duced and  even  lost.  Apparently  the  living  protoplasm  is  the  active  agent.  A 
few  of  the  results  are  presented  calculated  for  100  gm.  muscle: 


Sugar  used 

T 

me 

of  perfusinn 

Amount  of  sugar  used 

Dextrose 

60  min. 

15  mg. 

Levulose 

60     " 

25     " 

Levulose 

60     '• 

33    " 

Galactose 

60     " 

81     " 

The  heart  while  contracting  also  uses  sugar.  This  has  been  shown  by 
Knowlton  and  Starling,*"  by  Rhode**  and  by  Locke  and  Rosenheim. ^^  Camis,*® 
however,  claims  that  it  may  not  have  been  the  perfused  sugar  that  was  directly 
oxidized,  but  the  stored  glycogen  of  the  heart  itself.  There  seems  little  basis 
for  such  contention.  Our  own  work  shows  that  the  sugar  may  be  used  directly 
by  the  contracting  muscle. 

The  sugars  that  are  used  directly  are  those  that  are  directly  fermentable 
by  yeast.  The  products  are  the  same  in  both  cases,  and  I  believe  the  mechanism 
is  silso  the  same.  In  each  case  the  living  cell  is  the  active  agent.  This  can  be 
readily  shown  in  the  case  of  yeast  by  simply  passing  through  ordinary  filter 
paper  a  solution  of  sugar  that  is  undergoing  rapid  fermentation.  The  filtrate 
at  once  ceases  to  evolve  gas.  It  is  true,  as  Buchner*"  has  shown,  that  when  the 
yeast  cell  is  ground  up  the  filtered  juice  will  still  cause  fermentation,  but  the 
significance  of  this  fact  has  been  much  overestimated,  and  the  time  that  such 
fermentation  will  proceed  is  very  short  indeed,  and  suggests  that  it  may  be  due 
to  living  particles  of  the  cell  protoplasm.  Similar,  but  more  marked,  is  the  de- 
pressing influence  of  disintegration  of  animal  tissues  on  the  oxidative  prop- 
erties. This,  I  think,  was  the  cause  of  Cohnheim's*^  failure  to  demonstrate  the 
synergistic  action  of  muscle  and  pancreas  extracts  on  the  oxidation  of  glucose. 
There  can  be  no  doubt  about  the  interrelated  action  of  the  pancreas  and  muscle 
in  the  normal  animal,  but  since  it  is  the  living  cell  that  oxidizes  glucose,  or  at 
least  the  enzyme  in  the  living  cell,  we  should  not  expect  in  all  cases  that  the 
same  action  can  be  demonstrated  when  the  cell  is  disintegrated.  The  conjec- 
ture was  legitimate  when  isolated  enzymes  were  considered  as  the  sole  source 
of  oxidation.     The  method  of  Knowlton  and  Starling*^  on  the  contracting  heart. 
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or  of  Macleod"'''  on  the  eviscerated  animal,  seems  a  better  method  of  attacking 
this  problem. 

Lavoisier  demonstrated  that  the  results  of  oxidation  of  foodstuffs  in  the 
bodv  is  the  same  as  oxidation  out  of  it.  Sugar  oxidized  in  a  calorimeter  or  in 
the  body,  produces  the  same  number  of  calories  or  heat  energy,  and  inside  the 
body  this  heat  is  available  for  the  body.  This  does  not  mean  that  the  mechanism 
of  the  oxidation  is  the  same  in  the  two  cases.  As  a  matter  of  fact,  we  do  not 
know  how  such  simple  oxidations  as  the  burning  of  carbohydrate  or  magnesium 
take  place.  We  know  that  as  the  result  of  such  oxidation,  heat  is  liberated;  but 
as  to  how  it  is  transferred  to  the  body,  we  are  still  in  the  dark. 

This  is  one  point  in  which  the  two  types  of  oxidation  may  be  the  same. 
Moritz  Traube'^^  considers  that  the  simplest  oxidation  is  an  hydrolysis,  that  is, 
oxidation  will  not  take  place  in  the  absence  of  water.  This  may  be  represented 
by  the  following  formulae : 

M+  0+  H,0  =  Mq^  =  MO  =  H,0 

and  the  water  can  again  be  used  in  the  process.  The  oxidations  in  the  body 
are  probably  also  hydrolytic,  but  must  be  more  complicated  in  nature  than  the 
simple  burning  of  a  magnesium  ribbon,  or  a  splinter  of  wood  in  the  air.  It  is 
generalh'  accepted  that  foodstufifs  burn,  and  are  used  by  the  body  only  after 
they  have  become  an  actual  part  of  the  body.  In  other  words,  it  is  the  living 
matter  of  the  body  that  burns.  It  is  the  disintegration  of  the  food  molecules 
after  they  have  become  a  part  of  the  biogen  or  living  nucleus  that  renders  the 
body  such  an  economic  machine.  The  rupture  of  the  carbohydrate  is  an  exo- 
thermal reaction,  and  the  energy  when  liberated  is  already  a  part  of  the  ma- 
chine. Concerning  what  the  living  molecule  or  biogen  is — if  such  exist — no 
satisfactory  opinion  has  yet  been  advanced.  The  characters  of  mitochondria  sug- 
gest that  they  may  be  of  fundamental  importance,'^-  and  approach  the  characters 
of  the  hypothecated  biogen. 

Since  the  greater  part  of  the  digested  carbohydrate  is  changed  to  glycogen 
in  the  body,  and  this  again  to  glucose  before  utilization  by  the  tissues,  it  is  of 
interest  to  know  what  conditions  modify  glycogenolysis.  As  is  well  known, 
some  agents  increase  the  blood  sugar  while  others  reduce  it.  I  wish  only  to 
mention  a  few  of  these  which  we  have  recently  investigated.  In  the  first  place, 
what  is  the  effect  on  the  blood  sugar  of  modifying  the  circulation  through  the 
liver?  Bernard^^  thought  increased  liver  circulation  was  the  cause  of  diabetes. 
E.  L.  Ross  and  I,'^''  accordingly,  studied  the  effects  on  the  blood  sugar  of  (1) 
ligation  of  the  jjortal  vein,  (2)  ligation  of  hepatic  artery,  (3)  simultaneous  liga- 
tion of  both  portal  and  hepatic,  (4)  hyperartcrialization  and.  (5)  Kck  fistula 
and,  (6)  reversed  Eck  fistula. 

The  results  are  shcnvn  in  the  acc()mi)anying  lablo.  1  Ixix'rarlerialization  of 
the  liver  was  accomplished  b)'  first  making  an  lu'k  fistula  and  then  turning  an 
artery  into  the  portal  vein  or  its  branches.  The  results  were  obtained  from 
acute  experiments  of  one  hour  duration,  .and  clearly  show  that  ligation  of  the 
portal  vein,  or  greatly  increasing  the  arterial  blood  going  through  the  li\er.  are 
the  only  operations  to  cause  any  marked  change  in  the  blood  sugar,  and  these 
changes  are  never  sufficient  to  cause  glycosuria.     Eck  listula  and   the  reverse, 
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also  in  animals  that  were  kept  for  months  by  Robert  Keeton,°^-^  had  little  influ- 
ence on  the  blood  sugar.  A\'e  hold,  therefore,  that  no  conceivable  change  in  the 
circulation  can  be  of  much  importance  as  a  causation  of  diabetes,  unless  the 
change  secondarily  involves  the  pancreas  or  some  other  organ.  It  is  well  known 
that  if  circulatory  changes  involve  the  pancreas  sufficiently  to  procuce  inflamma- 
tion of  that  organ,  glycosuria  may  result.  Uncomplicated  changes  in  the  liver 
circulation  can  be  of  only  small  import  as  a  direct  factor.  This  is  of  interest, 
in  view  of  the  fact  that  Bernard  thought  piqure,  or  puncture  of  the  fourth  ven- 
tricle acted  to  cause  glycosuria  by  changing  the  liver  circulation.  It  is  now 
known  that  unless  the  adrenals  and  liver  are  both  intact,  puncture  alone  will  not 
cause  glycosuria. 

The  average  of  the  results  of  modifying  the  circulation  are: 


Percentage 

of  Dextrose 

in  Blood 

Length 

of  time         Actual  sugar 

No.  of 

E.xpts. 

Before  lig-ation 

After  ligation 

ligated 

increase 

Portal 

8 
Hepatic 

8 
Portal   a 

8 
Hyperar 
Hvperve 

5 

igation 

.088% 

.145% 

59 

nin. 

0.056% 

ligation 

.105% 

.124% 

60 

" 

0.019% 

nd  hepatic 

.126% 

.114% 

50 

" 

-0.012%o 

terialization 
nosity 

.176% 
.141%) 

.238%o 
.157% 

50 
60 

" 

0,062%, 
0.016% 

Suiiiinary 

Tabic 

Increase  calculated  bv 

Increase  expressed 

dif?e 
befo 

rence  in  percentage 
re  and  after 

in  per  cent  of  sugar 
content  before 

operation 

operation 

/ 

Ligated  portal 
Ligated  hepatic 
Portal  and  Hepatic 
Hyperarterialization 
Hypervenosity 

0.056% 
0.019% 
0.012% 
0.062% 
0.016% 

62%, 
18% 
-  9% 
35% 
11% 

COXDITIOXS  REDUCING  THE  BLOOD  SUGAR 

Hypoglycemia  has  not  been  considered  so  important  as  hyperglycemia.  The 
reason  is  very  apparent.  Diabetes  is  so  common  and  so  fatal  a  disease  that  all 
phases  of  it  have  attracted  attention.  When,  therefore,  it  was  found  that  the 
blood  sugar  is  usually  increased  and  that  when  it  reaches  a  certain  concentra- 
tion, it  passes  into  the  urine,  the  cause  of  the  disease  was  thought  to  be  closely 
associated  with  the  blood.  On  the  other  hand,  we  know  of  no  disease  w-here 
hypoglycemia  is  considered  so  important  as  the  hyperglycemia  of  diabetes.  The 
methods  which  reduce  the  blood  sugar  are  worthy  of  attention  for  the  follow- 
ing reasons :  First,  they  may  illuminate  the  process  of  normal  sugar  metabolism ; 
and,  second,  they  may  reveal  something  of  value  in  treatment.  \\'hile  such 
possibilities  exist,  it  must  be  confessed  that  all  of  the  known  methods  of  blood 
sugar  reduction,  with  the  exception  of  Allen's  method^"  are  of  much  more  im- 
mediate injury  to  the  animal  than  the  most  rapidly  progressing  hyi)erglycemia. 

The  cotiditions  that  may  cause  a  reduction  of  the  normal  sugar  concentra- 
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lion  arc:  extreme  exhaustion,-^'  adrenal  insufficiency/'**  Addison's  disease,'*^  thy- 
roid insufficiency/"  poisoning  by  phosphorus/^  and  hydrazine"-  or  phlorizin/^ 
high  section  of  the  cord/^  anaphylactic  shock/^  intercurrent  affections/''  mori- 
bund states/'"  and  the  injection  of  foreign  proteins. ''"'  The  striking  physiologic 
changes  that  result  from  the  application  of  most  of  the  methods  are:  low  blood 
pressure,  splanchnic  dilation,  depleted  vitalit}',  and,  in  larger  doses,  a  moribund 
state.  In  none  of  them  is  there  the  remotest  suggestion  of  anything  that  oper- 
ates for  the  welfare  of  the  organism.  Various  artificial  hyperglycemias  and 
glycosurias  have  been  reported  to  be  lessened  by  the  administration  of  certain 
glandular  extracts  or  salt  solutions.  Stenstrom*'-  found  that  pituitrin  lessened 
adrenalin  hyperglycemia.  Dresel'^'*  reports  that  extracts  of  the  pituitary,  thy- 
roid, ovary,  or  pancreas,  when  injected  with  epinephrin  reduce  the  height  of 
the  hyperglycemia.  Miculicich'"  found  that  hirudin  inhibits,  and  Glaessner 
and  Pick'^  found  that  pancreatic  juice  and  W'itte's  peptone  lessen  epinephrin 
glycosuria.  Bock  and  Hoffman'-  showed  that  salt  glycosuria  is  lessened  by  the 
further  action  of  the  injected  saline.  It  is  now  known  that  calcium  chloride  will 
lessen  salt  glycosuria.  Underbill''  found  that  the  glycosuria  produced  b}-  mor- 
phine, pyridine,  etc.,  is  reduced  by  the  free  administration  of  oxygen.  Other 
cases  of  the  kind  are  reported  by  Allen.'*  It  should  be  stated,  however,  that 
the  whole  subject  is  unsatisfactory  and  contradictory  to  such  an  extent  that 
many  substances  are  recorded  by  some  to  produce  hyperglycemia  or  glycosuria, 
while  according  to  others  the  same  drug  causes  hypoglycemia.  Phosphorus, 
salt  solutions,  and  peptone  are  among  such  drugs.  Also,  in  most  moribund  states 
the  blood  sugar  increases  immediately  before  death. 

In  making  blood  transfusions  from  one  normal  animal  to  another,  we  have 
noticed  that  there  is  a  general  tendency  for  the  blood  sugar  of  the  recipient 
to  fall.  We  have  since  found  that  this  is  a  common  result  of  the  intravenous  in- 
jection of  proteins,  and  especially  of  peptones,  although  Henderson  and  Under- 
bill''' have  reported  glycosuria  following  the  injection  of  peptone,  ^\'e  can  not 
confirm  their  results;  and  look  upon  the  glycosuria  they  describe,  not  as  a  pep- 
tone, but  as  either  an  ether  glycosuria  or  as  an  exception  to  the  regular  peptone 
actif)n.  Similar  exceptions  may  be  seen  in  those  cases  in  which  pepione  hastens, 
rather  than  retards  the  coagulation  of  the  blood.'*'  The  whole  subject  of  the 
action  of  sera,  organ  extracts,  and  toxins  on  the  sugar  content  of  the  blood  is  in 
an  unsatisfactory  state,  and  the  action  perhaps  varies  with  conditions. 

In  our  work  we  used  W'itte's  ])ej)tone  chiefly  but  we  obtained  similar  results 
with  silk  peptone,  and  with  gelatin  ;  and  in  several  cases  of  anaphylactic  shock, 
which  resembles  peptone  action,  we   found  a  hypoglycemia. 

For  the  study  of  pejitone  hypoglycemia  we  used  dogs  entirely.  The  num- 
ber of  animals  used  without  anesthesia  was  thirty.  The  a\  erage  weight  was  10.6 
kilos  and  ranged  from  4  to  18.5  kilos.  The  average  dose  of  peptone,  which  was 
3.7  grams,  was  gi\en  intravenoush-  in  aliout  20  c.c.  of  water.  The  axerage  noi"- 
nial  blood  sugar  content  was  O.o5  per  cent.  In  limii  two  to  ti\i'  hours  after  Ihe 
injection  of  peptone,  tlu-  Mood  was  again  analw.ed.  (  >n  the  ;i\erage,  the  time 
was  three  and  one  half  lionrN.  The  iilood  sugar  by  this  time  on  the  aveiage, 
was  reduced  to  about  one-half  the  oi'iginal  t-ontenl,  or  3S  per  cent.  We  found 
a  great  reduction  also  when  an  anesthetic  was  ust'(|.     The  cause  i)\   tin-  reduction 
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is  not  clear.  Perhaps  it  is  due  to  changed  circulation  through  the  liver,  although 
this  can  not  be  sustained  by  experiment.  It  may  also  be  due  to  a  paralysis  of 
the  normal  mechanism  of  glycogenolysis.  The  liver  still  contains  considerable 
quantities  of  glycogen.  In  three  cases  which  we  analyzed,  the  glycogen  content 
of  the  fresh  liver  was  0.45  per  cent,  1.91  per  cent  and  3.18  per  cent.  The  blood 
sugar  in  the  last  case  was  lower  than  any  of  the  others.  It  may  be  that  there 
is  a  greater  utilization  of  the  sugar  in  the  circulating  blood  and  lessened  glyco- 
genolysis, but  this  we  have  not  investigated.  The  most  common  changes  after 
peptone  injections  are  low  blood  pressure  and  the  unsatisfactorily  explained  con- 
dition known  as  extreme  fatigue,  or  shock.  None  of  the  measures  that  reduce 
the  blood  sugar  by  the  use  of  drugs  offers  the  slightest  hope  for  the  treatment 
of  diabetes.  When,  however,  we  reflect  that  almost  all  the  definite  knowledge 
we  have  regarding  diabetes  is  the  product  of  less  than  one  hundred  years  of 
research,  there  is  much  to  be  hoped  from  a  continuation  of  the  study. 
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WAR  DEAFNESS  AND  ITS  PREVENTION-A   REPORT  OF   FURTHER 
TESTS  UPON  PREVENTIVES* 


By  Stacy  R.  Guild,  Anx  Arbor,  Mich. 

method  of  testing 

THE  tests  here  reported  were  made  by  means  of  the  tambour  method.  Using 
the  rubber  ear  previously  described  to  hold  the  various  preventive  de- 
vices, connection  was  made  from  the  "medial"  end  of  the  canal  to  a  tambour 
and  the  records  of  the  amount  of  the  detonations  that  passed  the  ])reventives 
were  made  on  smoked  paper  instead  of  as  physiologic  reactions  in  animals" 
ears.  The  guns  used  as  sources  of  the  detonation  waves  were  clamped  in  a 
constant  position,  therefore  the  relative  amount  of  force  that  passed  the  various 
devices  is  indicated  by  the  height  to  which  the  tracer  of  the  tambour  moved. 
Blank  cartridges  were  used ;  these  vary  considerably,  due  probably  to  the  pack- 
ing of  the  wadding.  But  the  average  of  several  shots  gives  fairly  uniform 
results,  so  it  has  not  been  checked  up  with  ball  cartridges,  which  would  probably 
be  more  uniform  in  the  individual  loads. 

DETAILS    OF    ARRANGEMENT    OF    APPARATUS 

The  rubber  ear  was  placed  in  the  wall  between  two  rooms  which  are 
connected  by  a  third  room.  The  wall  is  an  ordinary  lath  and  plaster  wall, 
with  an  opening  12  by  24  inches  in  it.  This  opening  was  closed  by  a  board  one 
inch  thick  in  which  a  hole  two  inches  in  diameter  was  drilled.  The  rubber  ear 
was  fastened  into  a  piece  of  board  one  inch  thick  and  six  inches  square  b}' 
drilling  a  hole  in  the  center  of  the  piece  and  then  sawing  it  across  the  hole 
and  carefully  trimming  away  parts  until  the  ear  fits  properly  into  the  opening. 
The  halves  were  firmly  fastened  together  by  strips  screwed  on,  and  the  whole 
piece,  containing  the  ear,  was  fastened  firmly  onto  the  board  partition  with 
the  ear  in  the  two-inch  opening.  This  opening  was  beveled  so  as  to  be  about  four 
inches  in  diameter  at  the  surface  of  the  board.  It  was  feared  that  this  wall 
would  permit  sufficient  shock  to  pass  to  affect  the  tambour  by  acting  on  the 
upper  surface  of  the  membrane,  and  that  it  would  be  necessary  to  resort  to 
another  location  after  preliminary  tests,  but  such  action  on  the  tambour  was 
not  observed. 

The  tambour  that  was  found  to  be  suitable  for  such  records  as  were  de- 
sired is  a  standard  Lombard  pattern  with  a  very  light  rubber  membrane  18  mm. 
in  diameter  and  a  very  light  bamboo  lever  with  a  paper  tracing  point,  the  whole 
lever  arm  being  9  cm.  long.  It  is  pivoted  about  2.5  mm.  from  the  axis.  The 
force  acts  during  a  very  short  time  and  doubtless  the  momentum  developed  in 
the  tracing  lever  serves  to  carry  it  beyond  the  point  where  the  force  ceases  to 
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act,  thus  drawing  out  the  membrane  of  the  tambour.  Instead  of  being  the 
drawback  whicli  this  would  be  with  many  kinds  of  tambour  work,  it  serves 
here  to  indicate  the  very  factor  desired;  namely,  the  force  of  the  detonation 
wave  that  strikes  the  membrane  of  the  tambour  (in  actual  use  of  the  pre- 
ventives it  would  be  the  tympanic  membrane).  As  expected,  the  writing  lever 
rebounded  a  few  times  after  the  first  movement,  tracing  a  curve  with  very  sharp 
apices  and  entirely  without  secondary  components.  It  is  only  the  distance  of 
the  first  apex  aboxe  the  level  of  the  base  line  that  is  of  value  here,  and  this 
is  the  distance  referred  to  in  the  tabulated  results.  This,  of  course,  indicates 
the  compression  phase  of  the  wave ;.  the  method  is  not  suited  to  obtaining  the 
rarefaction  component  also,  because  of   the  momentum  of  the  system. 

Detonation  waves  of  three  degrees  of  force  were  used ;  they  were  gen- 
erated by  the  firing  of  revolvers  of  22,  38  and  44  calibers.  The  cartridges 
were  blanks  in  all  cases  and  were  Peters'  22  shorts,  U.M.C.  38  long  Colt's, 
and  U.^I.C.  44  Colt's.  The  guns  were  fastened  in  a  constant  position  by  means 
of  clamps  attached  to  a  plank  fastened  to  the  floor  in  an  upright  position.  The 
detailed  position  varied  slightly  for  the  dififerent  guns,  but  was  constant  for 
the  series  of  experiments  with  each  gun.  The  22  caliber  revolver  was  fas- 
tened with  the  muzzle  at  a  distance  of  6  cm.  from  the  orifice  of  the  meatus  of 
the  rubber  ear,  with  the  gun  pointing  downward  25  degrees  and  toward  the 
plane  of  the  wall  in  which  the  ear  was  fastened  at  an  angle  of  12  degrees  from 
parallel.  The  distance  from  the  muzzle  to  the  point  where  the  line  of  fire  in- 
tersects the  line  projected  perpendicular  to  the  wall  at  the  meatus  is  5  cm. 
It  will  be  seen  from  the  above  that  the  shooting  was  as  close  as  could  be  done 
without  actually  entering  the  ear  with  the  flash  of  burning  powder.  The  de- 
tail measurements  for  the  positions  of  the  larger  guns  were  slightly  dififerent, 
but  the  essential  arrangement  was  the  same;  all  pointed  slightly  toward  the 
plane  of  the  wall  with  the  ear  at  from  6  to  7  cm.  from  the  muzzle  and  just 
out  of  line  of  the  flash  of  powder. 

As  was  stated  in  the  animal  experiments  report,  I  fully  realize. that  the 
detonations  used  are  not  of  the  initial  intensity  of  those  caused  by  the  firing 
of  artillery  or  by  the  explosion  of  shells  or  mines,  but  the  distances  used  com- 
pensate to  such  a  degree  that  with  the  animals  severe  injuries  resulted  when 
they  were  not  ])rotected;  and  in  these  physical  tests  the  detonation  force  is 
constant  except  for  cartridge  variation;  this  ])erniits  a  relati\'e  testing  of  the 
devices  e\en  thou<.;li  the  absolute  force  of  the  detonations  is  less  than  ih.il 
caused  by  larger  explosions.  Iloth  methods  of  testing  are  well  suited  to  using 
near  large  guns,  and  such  tests  couUl  be  readily  performed  ,it  target  practices 
or  munitions  pro\ing  grounds  if  proper  authorit}-  and  a  \c\\  l.-iboratory  facili- 
ties were  provided,     v^uch  te>ts  would  be  an  intt'resting 'check  on  these. 

The  guns  were  fired  from  the  tambour  room  b\  means  ol  a  c-ord  acting 
over  pullevs,  so  that  1  was  able  to  be  with  the  recording  apparatu-^  and  be 
■^ure  that  it  was  operating  i)roi)(,'rly  at  all  times.  'I'he  kymograph  sjieed  used 
i  was  such  as  to  si)read  the  apices  of  the  afler-\  ibrations  sufliciently  to  avoid  any 
ll    confusion  with  the  jnamary  niii\enienl. 
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PREVENTIVES    TESTED 

The  names  of  the  preventives  tested  are  listed  in  Table  I,  descriptions  of 
the  eight  which  were  also  used  in  the  animal  experiments  have  been  given  in 
that  report.*  Besides  these  eight,  cotton  soaked  with  water  and  the  Elliott 
"Swimmer"  were  tested.  This  latter  is  a  device  manufactured  by  the  same 
firm  that  makes  the  Elliott  Perfect  Ear  Protector  and  is  sold  by  them  for  use 
by  swimmers  to  keep  water  out  of  the  ear  and  to  prevent  unpleasant  sensations 
when  diving.  It  is  very  similar  to  the  ear  protector  and  consists  of  a  celluloid 
core  with  three  spaced  discs  of  rubber ;  two  light  ones  enter  the  meatus,  and 
the  third  heavy  one  rests  on  the  orifice.  The  celluloid  center  does  not  have  a 
hole  in  it  as  does  that  of  the  protector. 

RESULTS 

Three  or  four  shots  were  fired  with  each  device  in  each  series  except  that 
with  the  44,  where  only  two  shots  were  fired  in  some  cases.  The  averages 
of  the  heights  of  the  first  apices  of  the  resulting  curves  are  given  in  Table  I. 
In  Table  II  are  presented  in  graphic  form  the  results  with  the  44  caliber  re- 
volver, with  which  all  the  preventives  permitted  enough  of  the  force  of  the 
waves  to  pass  to  give  measurable  tracings.  All  measurements  were  made  with 
a  Bunne  curve  analyzer  with  a  vernier  permitting  readings  accurate  to  0.05  mm. 
Because  of  the  simple  nature  of  the  curves  themselves,  it  is  not  necessary  to 
figure  them  in  this  report,  since  it  is  only  the  height  of  the  first  apex  that  has 
value  in  these  tests. 

Table  I 

Average  Height  in  Millimeters  of  the  Curves  Resulting  from  the  Several  Shots  with 

Each  Device* 


22  CALIBER 

38  CALIBER 

44  CALIBER 

PREVENTIVE  DEVICE  IN    MEATUS   OF  RUBBER  EAR 

REVOLVER 

REVOLVER 

REVOLVER 

Nothing  (ear  open) 

25.76 

50.77 

61.67 

Dry  cotton   (packed  firmly) 

18.58 

33.27 

56.50 

Elliott  Perfect  Ear  Protector 

17.76 

31.22 

54.65 

Elliott  "Swimmer" 

12.40 

29.15 

48.77 

Wilson-Michelson  instrument 

24.05 

14.86 

13.42 

Water-soaked  cotton 

3.84 

1.17 

Wax  Cone  of  Italian  Navy  type 

'6.41 

5.02 

0.50 

Alallock-Armstrong  Ear  Defender 

0.18 

0.27 

1.02 

Glycerin-soaked  cotton 

Trace 

0.38 

0.35 

Vaseline-soaked  cotton 

Trace 

0.07 

0.30 

Scientific    Ear   Drum    Protector   "Tommy" 

0.13 

0.27 

0.27 

*For  the  ammunition  used  and  the  arrangement  of  the  guns  and  aiq.aratus   see   the  tew  matter. 


DISCUSSION    OE    THE    RESULTS 

In  considering  these  results  it  should  be  kept  in  mind  that  probably  the 
movements  of  the  tambour  are  not  a  direct  proportionate  measure  of  the  force; 
but  that  of  two  movements,  the  greater  indicates  relatively  greater  force  than 
that  implied  by  the  ratio  of  the  movements  because  of  the  increasing  tension 
of  the  membrane  of  the  tambour.  No  attempt  has  been  made  to  calibrate  the 
forces  needed  to  cause  the  movements  given,  because  the  suddenness  with  which 

*Jour.   Lab.   and   Clin.   Med.,  Jan.,   1918,   iii,  p.   226. 
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the  detonation  wave  acts  doubtless  affects  the  movements  as  compared  to  that 
produced  by  a  constant  air  pressure  such  as  is  used  in  caUbrating.  For  the 
above  reasons  the  results  are  fully  recognized  by  me  as  indicating  only  the 
relative  order  of  efficiency ;  not  as  being  absolute. 

The  first  thing  noticed  in  studying  the  results  is  the  division  of  the  pre- 
ventives into  two  distinct  groups  on  the  basis  of  the  efficiency  in  stopping  the 
force  of  the  detonation  waves.  The  ones  that  permitted  the  detonations  to 
cause  large  movements  of  the  tambour  are  the  same  ones  that  permitted  the 
greatest  injuries  to  the  middle  ears  of  animals.  To  these  latter  is  added  here 
the  Elliott   "Swimmer,"   which   was  not   tested   on  animals.     It   is   better  than 
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Cliart  II. — A  graphic  presentation  of  the  results  with  the  44  caliber  revolver. 


the  Elliott  protector,  but   would  certainly   permit  positive  damage  to  the  ears 
under  conditions  similar  to  those  used  with  the  animals. 

On  the  other  hand,  the  Scientific  Ear  Drum  Protector  "Tommy."  which 
the  middle  ear  conditions  indicated  as  the  best  of  the  devices  tested,  has  con- 
tinued to  be  the  device  of  choice.  The  Mallock-Armstrong  Ear  Defender  is 
not  quite  so  effective  with  these  tests,  but  continues  to  be  in  the  same  group. 
To  the  objections  for  miHlary  use  which  1  have  previously  urged  against  this 
device  I  have  another  to  add  now.  The  dia])hragm  of  one  of  the  pair  of 
devices  which  I  have  has  split  and  accordingl\'  the  device  is  greatly  decreased 
in  efficiency.  With  the  damaged  device  in  the  mcalus  ol'  the  niblirr  car.  three 
shots  from  the  22  revoKer  gave  tracings  a\eraging  13.97  mm.     W  liilc  muIi  splits 
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might  not  occur  very  often,  yet  when  one  did  occur,  the  chances  are  entirely 
against  the  user  knowing  of  it  until  he  is  injured  because  the  diaphragm  is  par- 
tially concealed  by  the  wire  gauze.  The  metal  diaphragm  of  the  original  1915 
patent  is  to  be  preferred  so  far  as  this  score  is  concerned. 

The  glycerin-  and  vaseline-soaked  cotton  plugs  have  given  better  results 
here  than  in  the  animal  tests ;  they  are  the  only  preventi\  es  that  have  not  re- 
mained in  the  same  relative  positions  in  the  order  of  efficiency  as  tested  bv  the 
two  methods.  \\'hen  opportunity  arises,  I  hope  to  repeat  the  animal  experiments 
with  these  soaked  cotton  plugs  and  see  whether  they  duplicate  the  former 
results.  As  I  remarked  in  the  animal  report,  the  universal  availability  of  \as- 
eline  and  cotton  renders  the  degree  of  protection  afforded  by  the  mixture  of  im- 
portance to  those  to  whom  good  mechanical  devices  are  not  available.  These 
soaked  cotton  plugs  cut  down  the  hearing  of  ordinary  sounds  more  than  any  of 
the  other  devices;  this  is,  of  course,  an  important  objection  to  their  military  use. 

The  discrepancy  in  the  results  with  the  wax  cones  is  probably  due  to  the 
temperature.  When  the  44  was  used,  the  room  was  very  cool,  while  when 
the  other  series  were  run,  the  room  was  much  warmer.  I  believe  this  is  the 
correct  explanation  of  the  discrepancy.  If  so,  it  indicates  a  firmer  wax  for 
use  in  the  human  meatus,  where  a  temperature  warmer  than  that  in  the  room 
would  be  obtained.  Gianturco  recognized  temperature  effects  and  suggested 
different  mixtures  for  summer  and  winter  use. 

The  discrepancy  in  the  water-soaked  cotton  may  be  due  to  two  factors ; 
either  a  diff'erence  in  the  thoroughness  with  which  the  cotton  was  wet  on  the  two 
occasions,  which  would  be  a  factor  impossible  to  control  in  actual  use,  or  a 
more  rapid  evaporation  may  have  occurred  on  the  warmer  evening.  This  latter 
is  indicated  by  the  fact  that  with  the  38  the  four  shots  fired  gave  successively 
increasing  movements  of  the  tracer,  the  actual  measurements  being  1.4,  3.35, 
5.10,  and  5.50  mm.  Water-soaked  cotton  in  the  human  meatus  would  so  soon 
become  dry  cotton  that  it  can  not  be  recommended  even  though  it  is  a  fair 
protection  when  thoroughly  \\et.  However,  in  an  emergency  it  would  cer- 
tainly be  advisable  to  wet  cotton  instead  of  using  it  dry  and  it  would  be  well 
to  rewet  it  frequently  if  opportunity  could  be  found. 

The  behavior  of  the  W'ilson-Michelson  device  is  interesting  for  it  is  both 
relatively  and  absolutely  more  effective  with  the  heavier  waves.  It  seems  para- 
doxical at  first,  but  when  the  structure  of  the  device  is  considered,  it  is  seen 
to  be  the  logical  result.  The  inertia  and  friction  of  the  valve  are  more  quickly 
overcome  by  the  heavier  waves  and  it  is  carried  shut  enough  sooner  to  render 
the  total  energy  that  passes  the  valve  less  in  the  case  of  the  more  intense  waves 
than  with  the  slower  action  with  the  smaller  waves.  However,  in  all  cases 
it  acts  too  slowly  to  protect  well ;  it  will  be  recalled  that  with  the  animals  it 
uniformly  permitted  severe  injury  to  the  middle  ear  parts  with  a  45  caliber  pis- 
tol firing  ball  cartridges,  with  wliich  the  detonation  was  probably  stronger  than 
with  the  44  blanks. 

I  would  call  attention  to  the  fact  that  the  animal  ex]ieriments  are  the  ones 
which  indicate  the  devices  that  permit  an  injurious  amount  of  detonations  to 
pass;  these  physical  experiments  are  of  value  in  helping  to  place  the  preven- 
tives in  their  relative  order  of  efficiency.     The  cochles  of  the  animals,  as  ex- 
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plained  in  the  middle  ear  report,  will  furnish  a  further  eheck  on  the  devices. 
The  fact  that  both  methods  of  testing  give  concordant  results  indicating 
a  relatively  poor  protection  by  dry  cotton,  by  the  Elliott  Perfect  Ear  Protector, 
and  by  the  W^ilson-Michelson  instrument  in  comparison  with  the  protection  af- 
forded by  other  preventives  leads  me  to  express  the  wish  that  the  proper  mili- 
tary authorities  will  recognize  the  facts  and  take  action  to  stop  the  use  of  the 
poor  protectors  by  the  troops  and  will  furnish  them  with  the  better  ones. 

AXNOUNCEMENT 

The  method  of  testing  here  reported  will  enable  me  to  make  a  determina- 
tion in  a  few  days  after  receiving  it  of  the  ef^ciency  of  any  new  device  that 
may  be  submitted.  Such  a  testing  would  place  the  new^  device  in  its  relative 
order  among  the  others  and  thus  give  a  very  fair  indication  of  its  effecti^•eness 
in  protecting  the  ear  itself.  The  more  time-consuming  animal  testing  could  then 
be  used  as  a  check  on  the  physical  tests. 
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A    CONTRIBUTION   TO    THE   PHYSIOLOGY   AND   PHARMACOLOGY 

OF  CHELONIAN  LUNGS* 


By  D.  E.  Jacksox,  Ph.D.,  M.D.,  and  Mort  D.  Pei.z,  St.  Louis,  Mo. 


THE  peculiar  anatomic  development  of  chelonians  render  these  forms  espe- 
cially well  suited  for  the  study  of  certain  phenomena  relating  to  the  innerva- 
tion, physiolog}%  and  pharmacology'  of  the  lungs.  Li  the  year  1863  Mitchell  and 
Morehouse^  published  a  paper  describing  the  musculature  and  mechanical  ac- 
tions by  which  the  respiratory  movements  are  carried  out  in  these  animals.  In 
the  present  investigations  we  have  confined  ourselves  to  a  study  of  the  nature 
and  course  of  the  nerves  controlling  the  intrinsic  muscles  of  the  lung  substance, 
and  to  a  few  preliminaiy  observations  on  the  character  of  the  responses  of  the 
lungs  to  certain  drugs.     Ordinary  fresh-water  American  turtles  have  been  used. 

The  method  employed  in  these  experiments  is  new  and  was  devised  in  this 
laboratory  about  two  years  ago.-  In  the  year  1909  Prevost  and  Saloz,^  work- 
ing in  Geneva,  studied  certain  features  of  the  nervous  control  and  drug  reactions 
of  the  lungs  in  the  tortoise.  The  method  used  by  them  consisted  in  making  a 
round  trephine  opening  through  the  carapace  over  the  anterolateral  region  and 
then  placing  tightly  in  the  trephine  opening  a  cork  through  which  a  glass  tube 
connected  with  a  recording  tambour  was  passed.  The  lungs  were  then  rhythmi- 
cally inflated  by  an  artificial  respiration  machine,  the  air  being  conducted  into 
the  lungs  by  a  cannula  tied  in  the  bronchus  corresponding  to  the  lung  under  ob- 
servation. In  this  manner  a  number  of  observations  were  made  by  these  authors. 
Most  of  these  we  have  corroborated,  but  in  a  few  instances  we  have  failed  to 
obtain  such  results  as  were  reported  by  them.  In  addition  to  their  work,  which, 
so  far  as  the  innervation  was  concerned,  covered  only  the  vagal  constrictor 
fibers,  we  have  found  direct  evidence  of  the  existence  of  a  definite  set  of  sym- 
pathetic dilator  fibers,  and  we  have  also  obtained  results  indicating  that  certain 
constrictor  fibers  are  to  be  found  running  in  the  sympathetic  nerves. 

The  simplicity  of  this  work,  together  with  the  small  amount  of  apparatus 
needed  and  the  definiteness  of  the  results,  render  these  experiments  peculiarly 
well  suited  for  ordinary  class  exercises.  There  are  a  few  striking  differences 
in  certain  drug  reactions  between  mammalian  lungs  and  those  of  the  turtle,  but 
from  a  teaching  standpoint  these  may  be  very  valuable  by  way  of  comparison. 

Reference  to  Fig.  1  will  show  the  chief  features  of  the  method  used  by  us. 
The  turtle  is  thoroughly  pithed,  both  brain  and  cord.  The  plastron  and  viscera 
(except  the  heart  and  lungs)  are  then  removed  and  the  skeletal  musculature  is 
dissected  out  of  the  carapace  as  thoroughly  as  possible,  care  being  taken  not  to 
puncture  the  lungs  which  in  the  meantime  may  well  be  partially  inflated  by 
means  of  a  cannula  tied  in  the  exposed  trachea.  The  vago.sympathetic  nerve 
trunks  are  isolated  in  the  neck  and  the  bronchus  to  the  lung  zvhich  is  not  to  be 
studied  is  closed  off  with  a  bulldog  clamp.     The  other  lung  is  connected  by  tub- 

*From   the   Department   of   Pharmacology   of   Washington   University    !Medical    School,    St.    Louis,    Mo. 
A  preliminary  report  of  this  work  was  given  before  the  Federation  of  American   Societies   for  E.xperi- 
mental  Biology  at  Minneapolis  on  Dec.  27,   1917. 
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ing  to  a  delicate  tambour  having  a  bowl  about  one  and  one-half  to  two  inches 
in  diameter.  A  high  magnification  is  used  and  the  lung  is  blown  up  to  about 
one-half  its  capacity.  This  puts  the  air  tension  in  the  lung  and  in  the  tambour 
on  a  balance  and  a  contraction  or  relaxation  in  the  lung  will  show  an  immediate 
risfe  or  fall  of  the  writing  point  of  the  tambour. 

Fig.  2  shows  a  diagram  of  the  lung  innervation  in  the  majority  of  turtles 
studied  by  us,  but  there  are  considerable  variations  in  different  specimens  of  the 
same  species,  while  in  a  few^  varieties  (especially  snapping  turtles)  we  have  not 
been  able  to  recognize  the  sympathetic  dilator  fibers.     It  is  extremely  probable. 


To  tambour, 


bronchus 


-Vaqo- 

-Si^mpatheHt 
Tirunk 


Va^us- 


Ulunq 

partially 

inflated 


Heart 
L.  lunq 
partially 
inflated 


Arteri/^ 


Position  occupied  by  hind 
limbs  {removed) 

Fig.   1. 


.Cervical 
'^  Nerve 


Brachial 
Plexus 


Ric^ht  Luncj 


■Dorsal 
AUachments 


Fig.   2. 


Fig.  L— Dissection  showing  method  of  removing  the  plastron,  viscera  (except  the  heart  and  limp 
and  large  blood  vessels),  and  skeletal  muscles.  In  this  way  each  lung  may  be  observed  directly  whUe  the 
records  are  being  made. 

Fig.  2. — Diagrammatic  representation  of  the  innervation  of  the  lungs  in  the  turtle.  Kight  lung,  ven- 
tral view.     For  discussion  see  text. 

however,  that  a  more  careful  search  would  reveal  the  presence  of  these  filters 
in  this  species  the  same  as  in  others.  Apparently  seasonal  variations  are  also 
present  in  the  action  of  these  nerves.  Probably  these  reasoiT^  are  sufticient  to 
explain  our  failure  in  some  experiments  to  .satisfactorily  denidnstralc  cither  con- 
striction or  dilation  of  the  lungs  following  electrical  stimulation  of  tlic  ncrxcs. 
At  the  ganglion  marked  ./  in  Fig.  2  a  very  small  .^ympallietic  iiciac  bundle 
labeled  B  joins  the  vagosympallictic  trunk.  If  the  ner\e  B  be  stimulated  witb. 
a  very  ivcak  tctanizinrj  currciil.   a   dilataliim   n\    the   corresponding  lung  usu.ally 
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follows,  but  if  a  strong  induced  current  is  used  a  contraction  of  the  lung  is  much 
more  frequently  produced,  and  this  contraction  sometimes  follows  more  vigor- 
ously and  promptly  than  even  that  which  is  produced  by  stimulation  of  the  vagus 
trunk  itself.  These  results  we  believe  justify  the  conclusion  that  in  some  turtles 
(if  not  in  all)  the  sympathetic  nerves  carry  both  dilator  and  constrictor  fibers 
for  the  lungs.     These  fibers  are  very  small  and  difficult  to  isolate  without  injury, 


<^xs. 


/A-.  Si 


R.ViB. 


-Tracing    showing    the    contraction    of    the    riglit    Inng    following    vagns    stnnulation,    and    relaxation 
produced  by   stimulation  of  the  right  sympathetic   chain   (_at   C  in   Fig.    1) . 


e^annuM- 


Fig.   4. — Tracing  showing  dilatation   of   tht 


produced   by    sympathetic   stimulation. 


and  this  sometimes  makes  the  experiment  difficult  or  ends  in  failure.  The  dis- 
section should  be  made  by  lifting  the  vagus  nerve  upward  and  outward  from  the 
base  of  the  neck  while  the  sympathetic  branch  marked  B  is  followed  down  to- 
ward the  main  sympathetic  chain  at  C. 

If  the  main  sympathetic  chain  in  the  region  of  the  ganglion  marked  Cy  or 
on  the  ganglion  just  above  this,  be  stimulated  with  a  i^'cak  tetanizing  current,  a 
dilatation  of  the  corresponding  lung  will  lie  produced  immediately.     The  dilata- 
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tion  is  most  marked  in  the  upper  portion,  that  is,  in  the  region  around  the  en- 
trance of  the  bronchus  and  in  that  part  of  the  lung  which  Hes  lateral  to  this. 
Probably  this  is  due  to  the  better  developed  musculature  in  this  region,  for  the 
posterior  or  caudal  part  of  the  lungs  is  much  thinner  and  more  membranous  in 
its  structure. 

Figs.  3  and  4  show  typical  results  obtained  by  stimulation  of  the  vagus  and 
of  the  sympathetic  fibers.  Stimulation  of  the  vagus  trunk  causes  stopping  of 
the  heart  and  lung  contraction,  but  sympathetic  stimulation,  preferably  always 
with  a  weak  current,  causes  pulmonary  relaxation  and  either  no  effect  on  the 
heart,  or  possibly  occasionally  some  acceleration  of  the  beat. 

Regarding  the  response  of  the  turtle  lung  to  drugs,  it  may  be  said  that  nico- 
tine, pituitrin,  lobelin  and  veratrine  cause  marked  contraction,  usually  of  a  pro- 
longed nature.  These  drugs  we  have  generally  applied  by  injection  with  a  small 
hypodermic  syringe  directly  into  the  beating  ventricle.  The  solutions  are  soon 
carried  around  to  the  lungs.  None  of  the  above  drugs  produce  either  a  marked 
or  prolonged  contraction  of  the  bronchioles  in  the  dog.  Codeine,  pilocarpine, 
etc.,  act  in  the  turtle  apparently  in  practically  the  same  manner  as  in  the  mammal. 

\\'e  have  repeatedly  tried  to  get  satisfactory  results  by  the  use  of  atropine 
and  adrenalin.  After  atropine  we  have  sometimes  seen  what  undoubtedly  ap- 
])eared  to  be  a  direct  muscular  contraction,  but  we  have  not  been  able  to  follow^ 
ihis  result  up  closely  and  it  may  possibly  have  been  in  each  case  the  result  of 
some  technical  error,  but  we  hardly  believe  this  to  be  the  true  explanation. 
With  adrenalin  we  have  not  so  far  obtained  a  typical  dilation  of  the  lung  as 
would  occur  in  the  case  of  the  mammalian  bronchioles.  Possibly  a  constant 
])erfusion  of  the  lungs  with  a  suitable  solution  to  which  adrenalin  was  added  at 
the  proper  time  might  show  a  pulmonary  dilatation,  but  the  results  are  open  to 
doubt  at  present. 
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By  Herbert  C.  A\'ard  and  Donald  C.  Beaver,  Detroit,  Mich. 

THE  etiology  of  chronic  catarrhal  infection  demands  more  serious  attention 
by  the  bacteriologist  than  it  has  yet  been  given.  Available  records  repeatedly 
indicate  that  invasion  of  the  upper  respiratory  tract  may  take  place  very  early 
in  life,  children  of  three  and  four  years  becoming  subject  to  pronounced  forms 
of  rhinitis  from  which  they  never  recover.  Our  clinics  register  daily  the  ozenic 
and  atrophic,  the  tuberculous  or  syphilitic  adult  of  forty  years.  In  fact  there 
is  no  lack  of  fresh  material  or  willing  patients  for  the  needs  of  serious  investiga- 
tion.   Both  are  abundant  from  various  sources  and  climates  and  of  all  ages. 

In  tabulating  the  cases  coming  to  this  laboratory  for  observation  we  have 
found  it  convenient  to  make  the  following  distinctions.  The  diagnosis  of 
atrophic  rhinitis  is  indicative  of  atrophy,  chronicity  of  discharge,  crustal  forma- 
tion, and  impairment  of  free  nasal  respiration.  The  term  ozena  refers  to  the 
obvious  symptom  of  malodor.  Inasmuch  as  ozena  is  closely  associated  with 
atrophic  rhinitis  and  frequently  presents  all  the  symptoms  of  the  same,  it  is 
here  considered  as  a  frequent  symptom  of  atrophic  rhinitis,  and  not  ozena,  a 
clinical  entity.  By  definition,  therefore,  causative  factors  of  the  atrophic  and 
also  of  the  ozenic  stage  may  not  be  identical.  Investigation  of  this  constitutes  the 
objective  of  our  study  on  some  seventy  cases.  One  hundred  and  fifty  bacterio- 
logic  analyses  were  conducted  as  completely  as  the  time  and  facilities  were  con- 
vertible for  this  work.  The  findings  agree  with  those  of  the  first  paperf  and 
have  yielded  very  suggestive  records. 

The  most  comprehensive  report  published  in  this  country  is  that  of  Horn 
of  San  Francisco.  He  suggests  that  ozena  is  not  a  clinical  entity,  meaning  that 
more  than  one  biologic  agent  may  bring  this  condition  about.  After  reviewing 
previous  work  and  supplementing  the  same  with  a  series  of  experimental  vac- 

Table  I 


B.   mucosus   capsulatus    (Abel's 

bacillus) 

appeared 

in  42   cases,   or   84% 

B.  diphtheroids 

"    37       " 

'    74% 

M.  staphylococci 

"    37       " 

'    74% 

B.  Perez  Type  II   (atypicul) 

"    34       " 

'    68% 

M.  streptococci 

"    31        " 

'    62% 

B.  proteus 

"    14       " 

'    28% 

B.   Perez  Type  I    (typical) 

"    11        " 

'    22% 

B.  influenza 

"     9       " 

'     18% 

M.  pneumococci 

"     8       " 

'    16% 

M.  catarrhalis 

"     6 

'     12% 

B.  coli  and  pyocyaneus 

"     (each)   3        " 

'      6% 

cines,  he  proceeds  to  show  that  bacteriologically  all  his  cases  fall  into  two  groups, 
one  designated  as  the  "Friedlander"  and  the  second  as  the  "Perez"  group.     Lit- 

*From  the  Research  Laboratory  of  Parke,  Davis  &  Company,  Detroit.  :Mich. 

I  Bactenologic  Findings  in   Ozena,  First  Report,  Jour.   Infect.   Dis.,   Aug.,   1916,  xix,   153. 
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erature  of  the  subject  reveals  similar  conclusions  from  the  earliest  of  the  in- 
vestigations and  a  previous  report  from  this  laboratory  records  identical  findings. 

Bacteriologic  studies  have  aimed  to  include  the  most  important  groups  of 
organisms  so  far  as  routine  analyses  and  methods  would  permit.  Table  I  includes 
the  findings  obtained  from  fifty  cases  diagnosed  as  ozena  (atrophic  rhinitis  fetid). 
The  groups  are  arranged  in  the  order  of  their  predominance  in  the  fifty  cases. 

These  cases  are  representative  of  conditions  found  in  this  country,  having 
been  taken  from  a  wide  radius  as  follows :  Michigan,  25  cases ;  Louisiana,  5 ; 
Illinois,  2;  Minnesota,  3;  Ohio,  7;  California,  4;  and  Kentucky,  4.  Inasmuch  as 
the  material  had  to  be  shipped  a  long  distance  before  being  subjected  to  bac- 
teriologic examination,  the  thoroughness  of  the  analyses  was  limited  to  but  one 
trial  in  the  majority  of  the  cases. 

Reviewing  Table  I,  it  is  evident  that  the  preponderance  of  B.  mucosus  cap- 
sulatus  is  most  significant.  An  organism  similar  to  this  and  known  as  the  Morax- 
Axenfeld  bacillus  appeared  only  a  few  times  and  is  not,  therefore,  considered 


Fig.    1. — Fresh  nasal   casts  formed  in   48  hours  from   two  girls,    10  and   12   years  old,   respectively,   diagnosed 
as  atrophic  rhinitis   cases.      The   records   give   histories   of   two   and    live   years'   duration. 


as  being  important.  It  is  easily  confused  with  the  B.  mucosus  capsulatus  micro- 
scopically, but  never  culturally. 

Diphtheroid  bacilli  have  taken  second  place  in  the  table.  In  two  instances 
toxin-producing  bacilli  were  abundantly  present  and  the  cases  were  classed  as 
diphtheria  carriers  by  the  local  board  of  health.  The  identification  of  such 
organisms  from  patients  suffering  from  chronic  catarrh  is  most  suggestive  for 
in-actical  investigation  bearing  on  the  problem  of  diphtheria  carriers.  No  work 
of  this  character  has  as  yet  been  called  to  our  attention. 

The  much  discussed  Perez  group  of  bacilli  has  appeared  in  a  higher  per- 
centage of  cases  than  in  the  first  census.  The  strains  isolated  do  not  conform, 
on  careful  study,  to  the  reported  type.  Two  groups  are  distinguished.  Type  I 
represents  a  class  conforming  to  the  standard  strain.  Tyi~)e  II  represents  atypi- 
cal Perez  strains,  differing  from  the  slock  in  their  agghuinalion,  fermenlntion, 
and  motility  tests.  Neglecting  the  question  of  strain  identity  for  the  moment, 
the  significant  fact  appears  that  some  representative  of  the  Perez  group  is  found 
in  forty-five  cases  out  of  the  lifty.  Of  additional  \alue  is  llic  discovery  tliat 
those  cases  contain  no   Pcrc/   types,  but    in   their  place,  b.-icilH   set   ddwn   as   B. 
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proteus  vulgaris.  The  Perez  and  the  proteus  groups  are,  therefore,  responsible 
for  the  malodor  of  ozena  cases. 

The  remaining  groups  of  organisms  appear  at  present  to  be  of  little  or  no 
significance. 

Supplementar}'  to  the  fifty  ozena  cases  just  reviewed,  the  following  group^ 


Fig.   2. — Original   nasal   mucus   field.      B.    mucosus   capsulatus  types  as   seen   with   the   Gram   stain. 
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Fig.  3.— Original   fields  filled  with  the  omnipresent  representatives  of  the  T..  diphtheroids. 

diagnosed  as  "atrophic  rhinitis,"  and  differing  from  the  former  only  by  the 
absence  of  odor,  is  tabulated.  Material  for  bacteriologic  study  was  received 
from :  Michigan,  14  cases ;  Kansas,  1  ;  Minnesota,  2 ;  Illinois,  1 ;  Ohio,  1 ; 
Indiana,  1 ;  and  Wisconsin,  1,  making  a  total  of  21. 
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VBLE 

II 

B.   mucosus  capsulatus 

appeared 

in    17   cases,   or  81% 

A[.  staphylococcus 

•'    16 

"     76% 

M.  streptococcus 

"    14 

"     70% 

B.  diphtheroids 

"    12 

"    607o 

B.    influenza 

"     3 

"     15%, 

M.  catarrhahs 

"     3 

"     15% 

B.  spore  bearers 

"     2 

"     10% 

B.  pyocyaneus 

"     2 

"     10% 

B.  Morax-Axenfeld 

"     1 

"      5% 

B.   Perez 

"      1 

"      5% 

B.   proteus 

"      1 

'        "      5% 

Two  facts  are  strikingly  evident ;  first,  that  the  capsulatus  group  is  the  most 
abundant ;  and,  second,  that  the  Perez  and  the  proteus  representatives  are  the 
least  abundant.  In  this  connection  it  is  to  be  noted  that  the  patients  when 
examined  at  the  chnics  showed  no  odor.  The  nasal  discharges,  when  incubated, 
developed  no  odor  (except  in  two  cases)  and  yielded  no  cultures  giving  odors. 
The  results  suggest  that  the  existence  of  a  Perez-proteus  infection  can  be  recog- 
nized in  the  majority  of  cases  by  clinical  examination  alone,  and  in  such  instances 
bacteriologic  examination  is  unnecessary. 

A  summary  of  our  study  shows  that  the  group  of  organisms  known  as  the 
B.  mucosus  capsulatus  (Friedlander's  bacillus,  Abel's  bacillus)  is  preponderant 
and  may  be  pathognomonic  in  cases  of  chronic  rhinitis.  This  group  is  also  inde- 
pendent of  the  action  of  putrefactive  bacteria.  In  cases  in  which  the  symptom 
of  malodor  exists,  a  different  class  of  bacilli  known  as  the  Perez  group  is  most 
abundant  and  all  cases  show  either  one  or  both  of  the  Perez  and  proteus  groups 
present  as  causative  factors  of  this  condition. 

Cases  of  chronic  catarrh  may  harbor  pathogenic  organisms  of  other  species 
such  as  the  diphtheria  bacilli  and  contribute  to  the  distribution  of  similar  in- 
fections. 


A  CASE  OF  SYMMETRICAL  PERIPHERAL  GANGRENE* 


By  Charles  E.  Kiely,  M.D.,  Cincinnati,  Ohio. 


P  ATI  EXT  No.  B.  4534,  age  39  years  admitted  to  the  First  Neurologic  Serv- 
ice of  the  Cincinnati  General  Hospital  on  June  19,  1917.  His  chief  com- 
plaint was  "nervousness"  and  extreme  tenderness  with  marked  c}anosis  of  the 
hands.     He  was  under  the  effect  of  alcohol. 

The  history  developed  the  following  facts ;  he  had  had  the  usual  infections 
of  childhood ;  at  fourteen  contracted  a  hard  chancre  which  was  treated  by  in- 
ternal medication  only  and  followed  by  an  inconspicuous  secondary  macular 
eruption  on  the  legs ;  admitted  gonorrheal  infection  twice ;  had  pleuropneumonia 
at  yj ;  had  been  drinking  to  excess  for  five  or  six  years. 

The  history  of  the  present  complaint  was  that  for  five  or  six  weeks  prior 
to  admission  he  had  been  more  than  ordinarily  excessive,  averaging  about  one 
quart  of  whiskey  daily.  About  two  weeks  before  admission  he  had  taken  five 
migraine  tablets  for  headache  in  about  forty-eight  hours.  Two  days  before 
admission  both  hands  began  to  turn  blue  and  became  equisitely  tender  to  touch. 
He  was  an  electrical  engineer  by  profession  and  could  recall  using  no  reagents 
which  might  have  produced  a  local  condition. 

Physical  examination  revealed  a  fairly  nourished  and  developed  conscious 
adult  white  male  whose  most  conspicuous  objective  symptom  was  a  marked  cy- 
anosis of  the  more  distal  portion  of  the  hands  and  of  the  fingers,  as  well  as 
of  the  corresponding  portions  of  the  feet  and  toes.  The  lips  were  only  slightly 
ashy,  and  the  rest  of  the  body  surface  of  a  grayish  tinge. 

In  the  cyanotic  areas  the  hands  and  feet  were  very  cold,  and  at  this  first 
examination  generally  more  tender  to  light  than  heavy  pressure,  though  even 
then  deep  pressure  on  the  thenar  muscles  was  extremely  painful.  Subjective 
pain  was  constant  and  severe,  and  he  could  only  find  relief  by  constant  applica- 
tion of  ice  bags  and  in  addition  morphine  became  a  constant  necessity  soon  after 
admission.  At  all  times  both  pulses  could  be  felt  at  the  w^rist  and  ankle,  nor  did 
the  vessels  on  palpation  give  the  impression  of  sclerosis.  Blood  pressure  was 
134  systolic  and  100  diastolic.  Further  notes  on  the  physical  condition  are: 
purulent  nasal  discharge ;  tongue  heavily  coated ;  teeth  and  gums  neglected  with 
marked  pyorrhea  and  very  offensive  breath ;  pharynx  congested ;  chest  sym- 
metrical but  narrow  with  whistling  rales  heard  over  both  lungs  posteriorly ; 
heart  action  regular,  not  enlarged,  sounds  easily  audible  and  without  murmurs  ; 
abdomen  negative. 

Mental  Examination. — Patient  was  conscious  and  cooperated  well.  His 
attention  was  good  and  orientation  for  time,  place,  and  personality  correct. 
Emotional  attitude  was  in  proportion  to  his  situation.  Cerebration  commen- 
surate with  his  station  and  opportunities. 

Neurologic  Examination. — Smell,  taste,  sight  and  hearing  normal.  The 
pupils  reacted  rather  slowly  to  light,  by  both  direct  and  indirect  illumination, 

*From    the    Pathological   Institute    of   the    Cincinnati   General    Hospital. 
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"but  well  on  accommodation.  There  was  no  squint,  ptosis  or  nystagmus,  ocular 
movements  were  free  in  all  directions. 

The  jaw  did  not  deviate  from  the  median  line  on  opening  the  mouth.  Both 
masseters  contracted  equally  and  with  normal  power  on  voluntary  effort.  The 
corneal  reflex  and  facial  sensation  were  undisturbed.  All  facial  folds  were  nor- 
mal, and  the  periorbital  and  perioral  muscles  contracted  normally  in  voluntary 
and  emotional  response.  In  articulating  there  was  some  slight  indefinable  thick- 
ness of  speech,  but  deglutition  was  normal.  There  was  nothing  to  suggest  ab- 
normality of  the  muscle  supplied  by  the  eleventh  nerve,  and  the  pulse  rate 
was  not  subnormal.  The  tongue  protruded  in  the  median  line  on  voluntary 
effort,  showed  some  tremor  but  no  atrophy.  The  somatic  muscles  were  of  nor- 
mal tone  and  development,  and  movements  of  the  limbs  were  of  proper  range, 
power,  and  coordination. 

Sensory  System. — Heat,  cold,  pain,  touch,  and  position  sense  were  normal, 
with  the  exception  noted  above  for  the  thenar  muscles.  The  skin  reflexes  were 
absent.  The  tendon  reflexes  showed  a  slight  symmetrical  exaggeration,  there 
was  no  clonus,   Babinski  or  Chaddock. 

The  urine  was  cloudy,  red,  with  specific  gravity  of  1,012,  neutral  and  gave 
no  sugar  reaction,  but  a  marked  albumin  ring.  Microscopically  it  contained 
blood  and  hyaline  casts.  Red  count,  3,460,000;  white  count,  7,600,  hemoglobin,  87 
per  cent  (Sahli)  :  A  spectroscopic  examination  of  the  blood  showed  hemo- 
globin bands,  but  none  of  methemoglobin. 

The  patient  was  seen  on  the  twenty-fourth  of  June  by  Prof.  R.  S.  Morris, 
Avho  gave  the  following  opinion : 

"Xo  petechise.  Heart  not  enlarged.  Sounds  strong  and  clear.  Lungs 
•clear  on  percussion.  Vesicular  breathing  throughout.  An  occasional  squeak- 
ing rale  over  both  lungs.  In  upper  left  interscapular  space,  a  few  crepitant 
rales.     Radial  pulse  regular,  good  volume,  vessel  walls  feel  about  normal. 

"Abdomen. — No  localized  rigidity,  no  masses.  Tympany  in  flanks.  Spleen 
not  enlarged  by  palpation  or  percussion. 

"Gangrene  of  hands  and  beginning  gangrene  of  feet  suggest  a  localized  en- 
darteritis. An  arterial  thrombus  would  seem  to  be  a  possibility,  especially  in 
view  of  the  blood  in  urine  and  stools,  but  the  absence  of  petechiie,  and  the 
symmetrical  involvement  are  against  it." 

In  the  next  two  davs  the  patient's  general  condition  became  worse  and  the 
duskiness  of  the  skin  became  more  general  and  the  fingers  as  far  down  as  the 
middle  phalanges  developed  a  typical  gangrene  of  the  dry  type.  A  line  of  de- 
marcation forming  across  the  middle  of  the  hand.  The  respiration  became  of 
the  Cheyne-Stokes  variety  and  on  Jutic  2(>  the  ])aticnl  died. 

Clinical  Diufiiiosis. — Acute  and  clironic  alcoholism;  s]>()ntane(nis  symmet- 
rical gangrene. 

Ai'Torsv   ( ].  s.) 

The  b<jdy  was  that  of  a  welh(lc\cl<)])C(l,  well  udurished  achill  while  male 
.about  40  years  of  age.  Poslinorlem  rigidity  was  i)rcsi'nt  and  well  marked. 
Postmortem  lividity  was  brilliant  o\er  the  back  and  bullocks.  The  scalp  and 
Lskin  over  the   face  ,and   neck,   ears   and   scrotum    were   niarkcdK'    cwmolic.      The 
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lips  and  gums  were  also  cyanotic.  There  were  numerous  other  large  areas  of 
cvnanosis  over  the  arms  and  legs.  The  toes  were  not  cyanotic,  but  the  great 
toes  showed  areas  of  hyperemia  which  were  of  a  dark  red  color  and  tended 
toward  a  blue  color  along  the  edges.  There  was  no  evidence  of  any  shriveling 
or  hardening  of  any  of  the  toes. 

The  fingers  and  thumbs  of  the  hands  were  markedly  cyanotic,  shriveled, 
rigid,  and  flexed.  The  nail-beds  were  very  cyanotic.  The  ends  of  the  fingers 
were  dark  blue  (almost  black),  hard  and  dry  as  far  back  as  the  proximal  end 
of  the  middle  phalanges.  Here  there  was  a  distinct  line  of  demarcation  be- 
vond  which  the  color  was  of  a  lighter  blue  and  the  skin  was  softer  and  the 
joints  were  not  so  rigid.  This  area  extended  backward  over  the  fingers  and 
hands  to  about  a  half  inch  from  the  proximal  end's  of  the  metacarpal  bones. 
This  area  extended  farther  upon  the  sides  of  the  hand,  as  far  up  as  the  lower 
end  of  the  ulna  on  the  ulnar  side  and  as  far  up  as  the  lower  end  of  the  radius 
on  the  radial  side.  Here  there  w'as  a  second  distinct  line  of  demarcation  be- 
yond which  the  skin  was  somewhat  cyanotic  but  not  as  deeply  so  as  distally 
to  this  line.  The  flexed  fingers  were  so  rigid  that  they  could  not  be  straight- 
ened out.  The  blood  vessels,  especially  the  veins,  in  these  cyanotic  areas  con- 
tained blood  clots  which  had  completely  filled  the  vessels. 

The  cranium  and  spinal  canal  were  opened  and  the  brain  and  cord  were 
removed.  There  was  some  edema  of  the  brain  and  a  moderate  degree  of 
congestion  of  the  vessels  of  the  brain.  Xo  lesion  in  the  cord  or  brain  could 
be  noticed  by  the  external  examination,  and  gross  section  (C.E.K.)  showed 
no   abnormalities. 

Upon  opening  the  chest,  the  lungs  partially  collapsed.  The  left  lung  was 
free  from  adhesions  and  crepitated  in  its  lower  lobe,  but  had  a  shotty  feel 
throughout  its  upper  lobe.  Upon  section,  the  cut  surface  presented  an  edema- 
tous and  slightly  congested  appearance  and  many  miliary  tuberculous  nodules 
were  visible  in  all  stages  in  the  upper  lobe.  The  right  lung  was  bound  down 
at  its  apex  and  to  the  diaphragm  by  old  fibrous  adhesions.  The  cavities  were 
easily  seen  in  the  apex.  The  largest  of  these  cavities  measured  about  2  cm.  in 
diameter.  This  lung  was  also  crepitant  in  its  middle  lobe  and  felt  shotty  in 
the  other  lobes.  Upon  section,  many  tuberculous  nodules  were  visible  and 
cavities  had  been  found  in  the  upper  lobe  only.  These  cavities  had  thin 
walls.  The  middle  lobe  was  only  slightly  congested.  Many  of  the  peribronchial 
glands  were  enlarged,  and  upon  section  were  seen  to  have  undergone  calcareous 
changes.  The  pleural  cavities  each  contained  about  150  c.c.  of  free  light  amber- 
colored  fluid. 

The  heart  was  slightly  enlarged.  The  right  heart  was  normal  and  con- 
tained a  large  postmortem  clot.  The  pulmonary  artery  and  valve  were  normal. 
The  left  auricle  was  normal,  but  there  was  a  marked  thickening  of  the  mitral 
valve.  The  musculature  of  the  heart  was  thicker  than  normal  and  fairly  firm. 
It  was  pale  in  a])pearance.  The  aortic  valve  was  normal.  The  aorta  showed 
many  fatty  and  calcareous  changes  throughout  its  entire  course,  but  more  espe- 
cially in  the  ascending  and  transverse  arch. 

The  abdomen  was  opened  and  the  intestines  were  distended  with  gas  and 
tlie  vessels   were   dee])lv   injected.       The  appendix   was   in   situ   and   normal    in 


A    CASE    01'    SVMMETKICAL    PERIPHERAI^    GANGRENE  355 

appearance.  The  stomach  epiploic  vessels  were  also  deeply  injected.  The 
stomach  was  of  normal  size  and  sha])e.  but  the  mucous  membrane  showed  a 
marked  thickening  and  very  deeply  injected,  streaked,  red  and  yellow  appear- 
ance.    The  pylorus  was  normal  and  easily  admitted  the  tip  of  the  index  finger. 

The  liver  was  of  normal  size,  smooth  on  the  surface  and  of  a  dark  con- 
gested appearance.     The  gall  bladder  and  ducts  were  apparently  normal. 

The  spleen  was  about  normal  size  of  a  dark  blue  color  and  very  soft.  Upon 
section  the  follicles  were  easily  visible  and  the  surface  had  a  congested  appear- 
ance. 

The  right  kidney,  after  some  difficulty,  was  found  in  the  normal  position. 
The  kidney  was  about  the  size  of  a  kidney  of  a  newborn  infant.  It  presented 
a  normal  appearance  externally,  except  for  its  size.  Upon  section,  the  cut 
edges  everted  and  the  cortex  was  well  marked  ofif  from  the  medulla.  The  left 
kidney  was  somewhat  larger  than  normal,  but  not  so  large  as  would  have  been 
expected  with  such  an  infantile  right  kidney.  There  was  a  dark  purple  swol- 
len and  softened  area  on  the  inner  side  of  the  kidney  towards  the  lower  pole, 
which  only  extended  into  the  cortex  of  the  kidney  and  appeared  to  be  necrotic. 
Upon  section,  the  cut  edges  everted,  the  cortex  ^^■as  thicker  than  normal,  and 
not  well  marked  off  from  the  medulla.  Throughout  the  kidney  on  the  sur- 
face there  were  numerous  whitish  miliary  areas  resembling  tuberculous  areas 
or  abscesses.     These  areas^  contained  whitish  soft  caseous-like  material. 

The  bladder  was  slightly  distended  and  contained  about  200  c.c.  of  clear 
yellow  urine.     The  ureters  and  adrenals  were  apparently  normal. 

The  posterior  tibial  artery  was  dissected  from  the  right  leg  and  foot.  The 
radial  and  ulnar  arteries  were  dissected  from  the  right  arm  and  hand.  The 
middle  finger  of  the  right  hand  was  am]iutated  at  the  middle  of  the  proximal 
phalanx. 

DISCUSSION 

The  obvious  interest  of  this  case  is  the  differentiation  from  the  Raynaud 
syndrome.  A  gangrene  with  arteriosclerosis  in  an  admitted  syphilitic  hardly 
comes  under  that  diagnosis.  A  review  of  the  rather  voluminous  literature  of 
Raynaud's  disease  leads  one  to  believe  that  the  diagnosis  is  often  made  with 
scant  logic.  Reading  the  actual  translation  of  Raynaud's  original  l]H■-^is  and 
his  "Newer  Researches"  one  accepts  the  ])icture  of  a  s}-mmelrical  ]ierijiluM-al 
gangrene  due  to  a  spasm  of  the  vessels  as  the  entit\  which  ihc  aullxM-  wishes 
to  differentiate.  That  this  can  not  be  logically  done  imlcss  \a>cular  (li^casc  is 
ruled  out  is  olnious.  A'et  one  is  unjileasantl}-  struck  with  llir  inadeqnale 
amount  of  pathologic  certification  of  his  twenty-two  cases.  Only  six  came  to 
autopsy  and  the  nature  of  the  rci)ort  in  thoc  is  far  from  satisfactory.  I'or  in- 
stance, in  Case  7,  "The  auto])S\-  rcAcalcl  nolhing  s|>eci;il.'"  In  C'ase  *^  "Caielul 
injection  and  dissection  of  the  arteries  was  negatixe."  This  is  the  (inly  case 
which  l\a\iiaud  examined  niicrosci  ipieall\  in  person,  in  C'a^e  1/,  "Tin'  ai"leries 
were  adherent  io  llie  lione  and  ehtsed  ;it  ihe  hue  ol  deniairal it m.  "  In  C'ase 
18,  "The  niilral  was  sclerotic  and  there  was  nanowiiig  <il  the  entii'e  arterial 
system."      In    Case    19,    "I'oth    auiiiiilm  entriculai"    oriliees    were    narrowed    by 
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sclerosis."  In  Case  22,  '"Both  femoral  arteries  were  remarkabl}-  shrunk  and 
were  not  patulous  on  division  with  the  knife." 

The  trump  card  for  the  vascular  spasm  theory  in  this  syndrome  is  the 
•observation  of  contraction  and  expansion  of  the  retinal  vessels  in  definite  time 
relation  with  the  peripheral  symptoms.  It  is  regrettable  to  discover  that  Ray- 
naud observed  this  phenomenon  definitely  in  but  one  of  his  twenty-two  cases. 

Clashing  further  with  his  own  definition,  he  has  included  one  case  in  which 
the  gangrene  alternated  between  the  sides  of  the  body  and  two  in  which  it 
was  unvar}-ingly  unilateral. 

Coming  down  to  recent  writers,  one  finds  equal  illogicality.  Montgomery 
and  Culver^  report  a  case  involving  the  left  hand  only  with  a  relapse  from 
"psychic  shock."  During  the  course  of  the  disease  there  was  a  difl:'erence  of 
b)lood  pressure  of  10  millimeters  which  gradually  abated  as  a  cure  ensued.  Dif- 
ferences of  10  millimeters  are  rather  vmconvincing. 


Fig.    1. 


Osborne-  reports  a  case  of  intermittent  attacks  of  mental  disturbance  and 
mumbling  in  a  known  syphilitic  who  improved  under  salvarsan,  and  without 
any  other  evidence  of  vascular  disease  diagnoses   "cerebral  Raynaud." 

In  contrast  there  are  many  more  carefully  studied  cases.  Lisser^  reports 
a  case  in  a  negro  child  with  gonorrheal  arthritis  and  a  positive  Wassermann 
reaction  on  the  blood. 

Glazer*  reports  a  case  in  a  child  with  hereditary  syphilis  which  improved 
under  mercury. 

Lyle  and  Griewie"'  report  a  case  in  which  autopsy  revealed  vascular  sclero- 
sis with  small  round-cell  infiltration. 

Simmons"  reports  a  case  not  clinically  syphilitic  in  which,  on  postmortem, 
slight  thickening  of  the  arteries  without   endarteritis  was   found. 

Hoyne"  reports  the  case  of  a  child  who  in  the  course  of  forty-six  days  had 
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scarlatina,  measles,  and  pertussis,  developed  symmetrical  gangrene  and  died  of 
bronchopneumonia.  On  autopsy  streptococcus  viridens  and  streptococcus  hemo- 
lyticus   were   recovered   from   a   femoral   thrombus. 

Buerger,^  arguing  for  thromboangiitis  obliterans  as  the  cause  of  symmet- 
rical peripheral  gangrene,  reports  such  a  macroscopic  diagnosis  on  vessels  post- 
mortem and  after  amputation.  One  case  examined  microscopically  showed 
"typical  lesions  of  thromboangiitis  obliterans." 

Clinically  the  case  here  reported  personally  would  pass  well  as  a  Ray- 
naud's syndrome.  The  palpable  portions  of  the  radial  were  soft,  there  was 
hemoglobinuria  and  the  local  picture  was  perfect.  But  the  postmortem  ex- 
amination places  it  in  another  group.  Macroscopically  higher  portions  of  the 
brachial  arteries  were  sclerotic,  and  microscopically  this  is  excellently  brought 
out  in  Fig.  1.  The  sclerosis  is  diffuse  and  small  round-cell  infiltration  is  lack- 
ing so  that  syphilitic  sclerosis  can  not  be  absolutely  predicted. 

Undoubtedly  the  diagnosis  of  Raynaud's  disease  as  made  lacks  logical  sub- 
stantiation, and  the  case  above  is  ofifered  in  behalf  of  dififerentiation. 
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STUDIES  ON  DIPHTHERIA  TOXIN* 

Bv  Lewis  Davis.  S.IM.,  Detroit,  Mich. 


I. HVDROGEN-ION    COXCENTRATIOX    AND   TOXICOGEX ICITY   DETERMINATIONS 

WITH    BACT.    DIPHTHERI.^ 


JJISTORICAL  RESUME.—Some  of  the  earliest  workers  with  Bact.  diph- 
J-  -L  theriee  have  noted  that  the  reaction  of  the  cuhure  medium  has  a  decided  in- 
fluence on  growth  and  toxin  production  with  this  organism.  Roux  and  Yersin/ 
who  appear  to  have  been  the  first  to  extensively  investigate  this  question,  recom- 
mend the  use  of  slightly  alkaline  bouillon,  since  they  found  that  an  acid  reaction 
did  not  permit  of  strong  toxin  formation.  Spronck-  attributed  this  acid  produc- 
tion to  the  presence  of  a  variable  quantity  of  glycogen  and  glucose,  fermentable 
by  Bact.  diphtherise.  in  the  meat  used  for  the  bouillon.  To  overcome  this  factor, 
he  proposed  the  employment  of  decomposed  beef  or  veal  in  which  the  putrefac- 
tion had  reduced  the  content  of  these  sugars  to  a  minimum. 

Park  and  \\'illiams''  found  that  with  the  beef  used  by  them,  the  inhibitory 
action  of  the  muscle  sugar  w-as  neutralized  by  adding  sufficient  alkali  to  the 
bouillon  (about  7  c.c.  of  normal  soda  solution  per  liter).  They  state  "that  an 
excessive  amount  of  either  acid  or  alkali  prevented  the  development  of  toxin" 
and  that  the  "type  of  growth  of  the  bacilli  and  the  rapidity  and  extent  of  the 
production  of  toxin  depended  more  on  the  reaction  of  the  bouillon  than  upon  any 
other  single  factor." 

Essentially  the  same  results  have  been  found  by  Madsen.*  This  investigator 
concludes  that  in  the  same  bouillon,  diphtheria  cultures  can  develop  in  one  of 
two  directions,  acid  or  alkaline,  depending  upon  the  initial  degree  of  alkalinity. 
Confirming  the  results  of  Spronck,  and  Park  and  A\'illiams,  acid  cultures  were 
found  by  him  to  possess  no  toxicity,  while,  in  general,  the  alkaline  cultures  are 
toxic,  although  no  definite  relationship  exists  between  the  degree  of  alkalinity 
and  the  amount  of  toxin  produced. 

In  order  to  eliminate  any  action  of  the  muscle  sugar,  Theobald  Smith^  pro- 
posed a  peptone  bouillon  in  which  the  beef  infusion,  previously  reduced  in  acidity, 
was  submitted  to  a  preliminary  fermentation  overnight  with  B.  coli,  then  steril- 
ized and  filtered.  This  w'ould  break  up  all  carbohydrates,  and  give  at  once  an 
alkaline  growth  with  a  constant,  strong  toxin.  Addition  of  dextrose  to  such 
bouillon  in  quantities  not  exceeding  0.2  per  cent,  was  found  not  only  to  be  un- 
injurious,  but  actually  led  to  a  maximum  accumulation  of  toxin,  presumably  bv 
utilizing  the  available  peptone  to  the  best  advantage.  This  method  has  not  met 
with  general  favor,  although  Kitchens^'  reports  good  results  from  its  use  with 
veal  bouillon.  Lubenau"  confirms  the  findings  of  Smith  that  no  acid  is  formed 
in  carbohydrate-free,  nutrient  bouillon,  and  also  states  that,  as  a  rule,  diphtheria 
bacilli  produce  alkali  in  such  bouillon  independent  of  the  initial  reaction.  On 
the  other  hand,  he  finds  that  diphtheria-like  organisms  produce  no  appreciable' 
amount  of  alkali,  but  leave  a  carbohydrate-free  bouillon  unchanged.  In  ordi- 
nary bouillon,   which   would   contain   carbohydrates,   both   (li])htheria   and   diph- 

*From  the  Research  Laboratory  of  Parke.   Davis  \-  Co.,  Detroit.  ;\Iich. 
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iheria-like  organisms  produce  acid,  regardless  of  the  initial  reaction  of  the 
bouillon. 

jacobsen,^  in  a  critical  re\'ie\v  of  the  work  of  Madsen  and  of  Lnbenau,  agrees 
that  in  sugar-free  bouillon  (vSmith  method)  diphtheria  cultures  produce  alkali 
at  once.  He  also  hnds  that,  not  only  has  dextrose  an  influence  on  the  acid  forma- 
tion, but  with  a  constant  amount  of  glucose  present  in  a  bouillon,  the  amount  of 
acid  produced  increases  proportionately  to  the  peptone  content.  Any  culture 
of  Bact.  diphtheri^e  in  bouillon  can,  according  to  him,  theoretically  be  considered 
as  passing  through  the  following  stages  :  ])rimary  acid  formation,  reversal,  alkali 
formation,  secondary  acid  formation.  This  last  stage  which  takes  place  only 
after  a  prolonged  period  of  time  (two  to  four  months)  has  its  origin  in  the 
neutralization  products  of  the  above  mentioned  reversal  stage  and  is  different 
from  the  primary  acid  formation  which  is  attributed  to  the  muscle  sugar  present. 

A  consideration  of  the  work  mentioned  abo\e,  in  the  light  of  the  modern  con- 
ception of  reaction  based  on  hydrogen-ion  concentration,  brings  up  at  once  the 
limitations  of  results  obtained  by  the  usual  titrametric  methods.  In.  fact,  it  is  now 
generally  conceded  that  there  is  a  decided  difference  between  the  acid  and  al- 
kaline values  obtained  by  titration  using  litmus  and  phenolphthalein.  Clark," 
in  an  able  discussion  of  the  fallacy  of  titrating  hot  media,  states,  "It  is  needless 
to  add  that  since  titrations  in  the  last  analysis  are  based  upon  the  attainment 
of  a  certain  hydrogen-ion  concentration  as  shown  by  the  tint  of  an  indicator,  the 
titration  of  a  medium  at  90°  to  100^  C.  furnishes  data  of  no  exact  significance 
at  ordinary  incubation  temi)eratures."' 

In  connection  with  the  development  of  a  satisfactor\'  bacteriologic  pep- 
tone, P"  have  employed  the  production  of  a  potent  diphtheria  toxin  with  a 
trial  sample  as  one  of  the  biologic  tests.  This  required  a  study  of  the  factors 
influencing  growth  and  toxin  formation  in  bouillon  of  constant  composition  and, 
as  would  be  expected  from  the  preceding  resume,  the  hydrogen-ion  concentra- 
tion of  the  medium  has  been  found  to  be  of  prime  importance.  The  present  in- 
vestigation was  undertaken  to  determine  more  accurately  by  means  of  the  hydro- 
gen electrode  what  reaction  changes  take  place  in  the  medium  during  the  propa- 
gation of  diphtheria  toxin  on  a  practical  scale,  and  to  note  what  relationship,  if 
any,  exists  between  toxicogenicity  in  a  medium  and  hydrogen-ion  concentration. 

LARORATORV    DATA 

Methods  of  lixpcriincntation. — Extensive  ex]HM-ience  has  shown  that  plain 
bouillon  gi\es  vmiformlv  satisfactory  results  in  the  pnuiuclion  ol  loxin  with 
Bact.  diphtherise.  Sugar  media  and  carbohydrate-free  broth  (v'^milh  nielliod  ) 
have  not  proved  of  any  advantage,  in  the  stud}-  at  hand,  unless  otherw  ise  noletl, 
the  medium   employed  was  ])lain  bouillon,   made  up  as  gi\cn   in   the   following: 

To  every  liter  of  beef  infusion  prepared  in  ihc  u>ual  niaiinci',  J( '  L;r,iiu>  ot 
peptone  (Bacteriologic,  Parke,  l)a\is  t^-  C"o.  )  and  .5  g!■am^  of  sodiimi  chloi-ide 
were  added.  ,Su])plies  of  sterile  beef  infusiim  and  of  the  olhei'  Iwn  ingii'du'nl> 
1  i"oni  individual  lols  wvvv  iTlaiiicd  in  (|iianlil  ic^  sulhcitMil  lor  ;ill  ol  ihe  expei'i - 
nientation  so  as  to  eliminate  ap.\'  \arialion^  ol  llic  liouillon  roinpi  menl^.  The  i»ep- 
tone  and  sail  were  first  dissolved  in  llie  cold,  ihen  heaU'di  in  a  steamer  for  lifleen 
minutes  to  insure  thoi-oui-h   volulioii. 
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The  medium  was  now  ready  for  preliminary  adjustment  to  the  desired 
hydrogen-ion  concentrations  which  was  done  essentially  as  proposed  by  Clark 
and  Lubs/^  using  the  buffer  solutions,  standardized  by  the  hydrogen  electrode, 
and  the  indicators  recommended  by  them.  As  will  be  later  shown,  the  limit- 
ing concentration  values  for  cultivation  of  the  diphtheria  bacillus  are  approxi- 
mately C+  =  1  X  10-6  (p+  =6.0)  and  C+  =  1  x  10-9  (P+  =  9.0),  respectively, 
which  reduces  the  standard  bufifer  solutions  necessary  to  the  "acid  potassium 
phosphate-sodium  hydroxide'"  mixtures  and  the  "boric  acid-potassium  chloride- 
sodium  hydroxide"  mixtures.  "Broni  cresol  purple"  and  "brom  thymol  blue" 
were  used  as  indicators  for  the  media  on  the  acid  side ;  "brom  thymol  blue'*  for 
those  concentrations  around  true  neutrality,  while  in  the  alkaline  zone,  "phenol 
red,"  "cresol  red,"  and  "thymol  blue"  were  employed.  The  various  media  were 
then  neutralized  essentially  as  described  below  for  regular  diphtheria  toxin 
bouillon,  the  final  ion  concentration  being  determined  electrometrically. 

For  the  routine  production  of  diphtheria  toxin,  in  bouillon,  hydrogen-ion 
concentrations  around  1.0x10-^  (P+  =8.0)  have  been  employed  with  excellent 
results.  Such  reaction  values  are  rapidly  obtained  by  taking,  for  the  preliminary 
adjustment,  10  c.c.  of  the  medium,  after  the  first  heating,  diluting  with  about 
40  c.c.  of  distilled  water,  and  titrating  against  dilute  (N/10)  sodium  hydroxide 
in  the  cold,  using  phenolphthalein  as  the  indicator.  A  little  experience  will 
soon  determine  what  shade  of  pink  should  be  taken  as  the  end  point.  The 
requisite  amount  of  strong  sodium  hydroxide  to  entirely  neutralize  (ION  is  rec- 
ommended), in  accordance  with  the  preceding  titration,  is  now  added  slov/ly 
and  with  thorough  mixing  to  the  bouillon.  The  medium  is  next  heated  in  flow- 
ing steam  for  30  minutes,  or  boiled  for  five  minutes,  which  brings  down  a  heavy 
precipitate  that  rapidly  settles. 

The  reaction  of  the  clear,  supernatant  liquid,  or  a  dilution  of  it  with  "con- 
ductivity"' water,  is  now,  for  very  accurate  work,  checked  by  the  hydrogen  elec- 
trode. Ordinarily,  however,  a  colorimetric  "check"  by  means  of  the  simple 
comparator  of  Hurwitz,  Meyer  and  Ostenberg^-  and  using  standardized  mix- 
tures (of  P+  =7.8,  8.0,  and  8.2)  with  "phenol  red"  will  be  found  sufficiently 
accurate  and  more  rapid.  In  my  experience,  the  hydrogen-ion  concentration 
of  media  prepared  as  above,  falls  within  a  range  covered  by  C+  ^^  1.5x10-^ 
to  C+  =7.0x10-9  and  may  be  used  for  diphtheria  toxin  production  without 
any  further  adjustment.  The  bouillon  is  now  filtered  hot,  distributed  as  desired, 
and  sterilized.  All  of  the  media  used  in  the  present  investigation  have  been 
sterilized  once  for  20  minutes  at  115°  C.  (15  pounds  steam  pressure). 

Comparative  toxicity  determinations  have  shown  that  more  satisfactory  re- 
sults are  obtained  by  using  larger  flasks  for  cultivation  of  Bact.  diphtherise  than 
the  same  proportionate  amount  of  bouillon  distributed  in  smaller  containers.  Ac- 
cordingly, 3,000  c.c.  of  the  test  medium  in  six  liter  flasks  were  employed  and 
inoculations  made  in  each  case,  with  24  hour  "starters"'  containing  30  c.c.  of 
culture  grown  in  a  250  c.c.  flask  to  accustom  the  organism  to  the  medium.  After 
culturing  for  the  desired  length  of  time  at  37°  C,  the  purity  of  the  growth  was 
checked,  the  samples  preserved  with  0.4  per  cent  cresols  and  filtered  through 
unglazed  porcelain. 

In  the  preliminary  experimentation  on  the  ion  concentration  changes  pro- 
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duced  during  growth  of  Bact.  diphtherise,  use  was  made  of  the  large  flasks  fitted 
with  special  syphons,  so  that  samples  could  be  removed  aseptically  from  time 
to  time  as  desired.  Control  flasks,  without  syphons,  showed  that  this  procedure 
so  interfered  with  the  growth  through  disturbance  of  pellicle  formation  as  to 
entirely  vitiate  the  value  of  any  results  obtained.  A  sufficient  number  of  flasks 
has  accordingly  been  employed  to  enable  triplicate  determinations  of  any  desired 
value.  In  practically  every  case  it  has  been  found  possible  to  obtain  duplicate 
hydrogen-ion  concentration  and  toxicity  results  which  checked  within  practical 
limits.  The  toxicity  valuations,  made  in  association  with  my  colleague,  T.  Ohno, 
were,  unless  otherwise  noted,  determined  for  La-  dose  on  samples  in  duplicate. 
The  electrometric  determinations  of  hydrogen-ion  concentration  were  made 
with  the  chain  : 

Calomel  electrode  (N  KCl)  —  saturated  KCl  • —  test  medium  —  Pt  Elec- 
trode —  (H^)  at  23°  C.  The  complete  "set  up"  employed  is  shown  in  Fig.  1. 
C  is  a  "normal"  calomel  electrode  which  dipped  into  the  small  vessel  D  con- 
taining saturated  KCl  to  reduce  to  a  minimum,  the  contact  potentials  between 
the  A^  KCl  and  the  liquid  under  examination.  Connection  between  D  and  the 
test  fluid  in  electrode  vessel  A  was  maintained  by  a  wick  saturated  w'ith  KCl, 
passing  through  a  small  glass  syphon  tube  H.  Hydrogen  electrodes  {B )  of  the 
type  described  by  Bovie,^^  were  employed,  supplied  with  purified  hydrogen,  gen- 
erated from  the  electrolysis  of  NaOH  with  nickel  electrodes.  The  temperature 
of  the  liquid  in  A  was  determined  by  a  thermometer  accurate  to  ±  0.1°  C,  and  a 
similar  thermometer  was  mounted  near  the  calomel  electrode  C. 

The  hydrogen-ion  concentration  was  read  directly  by  means  of  the  "iono- 
meter"  (£)  described  by  Bartell."  The  known  potential  derived  from  a  \\'eston 
Standard  Cell  (S)  (calibrated  by  the  Bureau  of  Standards)  was  first  brought 
into  the  circuit  through  the  double-pole,  double-throw  switch  F  after  v.hich, 
sufficient  resistance  (4821  ohms)  was  thrown  in  to  compensate  for  the  calomel 
electrode  employed.  With  the  pointer  arms  of  the  logarithmic  and  concentra- 
tion coils  set  at  the  proper  values,  (in  this  case  3.0  and  lO"^'^  respectively)  the 
external  resistances,  to  compensate  for  the  storage  battery,  were  now  adjusted 
until  no  deflection  was  noted  in  the  galvanometer  ((/),  which  indicated  that  tlie 
instrument  was  in  balance  for  direct  reading.  The  resistance  values  thus  ob- 
tained were  found  to  remain  practically  constant  for  several  hours  witli  a  good 
accumulator. 

By  reversing  P  the  unknown  cell  consisting  of  hydrogen  electrode  and  cal- 
omel was  next  connected  in;  the  other  resistances  remaining  the  same,  and  read- 
ings could  now  be  obtained  directly  in  terms  of  h\(lrogen-ion  concentration  li\' 
manipulating  the  concentration  and  logarithmic  coils  until  the  galvanometer 
showed  a  balance.  The  ionometer  and  gaKanometer  were  mounted  so  as  to 
insure  pro])er  insulation  from  stray  currents  and  freed  as  nuich  as  possilile  from 
tremors.  During  all  of  the  measurements,  the  room  temperature  was  such  that 
no  difficulty  was  ex[)erienced  in  keeping  the  thermometer  i)racticall\'  constant 
at  23°  C. 

lixpcrimcntal  Protocols. — I^cfore  making  a  study  ol"  the  toxicogenic  and 
hydrogen-ion  concentration  changes  produced  by  the  growth  of  Hact.  diphtheri.-e 
m  bouillon,  the  (|uestion  arose  as  to  what   is  the  oi)tiinal   zone  of  ion  conci'iitra- 
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tion  for  such  metabolic  activities.  This  made  it  necessary  to  determine  within 
what  limits  of  acidity  and  alkalinity,  a  known,  toxicogenic  culture  of  Bact.  diph- 
theria can  produce  toxin  of  prescribed  strength.  For  this  purpose  there  were 
made  up,  as  already  described,  lots  of  bouillon  varxing  in  reaction  and  sufficient 
in  amount  to  permit  of  triplicate  determination  with  large  flasks  at  each  ion  con- 
centration.   The  flasks  were  now  inoculated  with  "starters"  of  a  Bact.  diphtheriae 


Fig.   1. 


culture  (No.  C36)  originall}-  obtained  from  W.  H.  Park  and  capable  of  elaborat- 
ing a  toxin  in  standard  bouillon  of  which  one  L^  dose  is  less  than  0.25  c.c. 
Cultivation  of  each  set  was  carried  on  at  37°  C.  for  two  weeks  and  at  the  end 
of  this  period  samples  were  removed  from  each  flask  for  determination  of  the 
final  hydrogen-ion  concentration.  The  remainder  of  the  bouillon  was  then  pre- 
served and  set  aside  for  toxin  estimation.  The  results  obtained  are  summarized 
in  Table  I. 

Inspection  of  the  data  tabulated  in  Table  I  shows  that  the  optimal  zone  for 
metabolic  activity  of  Bact.  diphtherise  is  in  the  alkaline  region.  ^Mlile  good  growth 
of  the  organism  appears  to  be  possible  within  hydrogen-ion  concentration  limits 
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Table  I 
The   IxFLrExcE  of  Varying  H-ion   Coxcextratioxs  ox'  Growth    axd  Toxicogexicitv  of 

BaCT.    DiPHfHERI.E 


INITIAL 


c  ' 

H 


character  of 


GROWTH 


FINAL  C"^ 
H 

(2  weeks) 


L+  DOSE 


h.5  x  10-6 

\'erv  scant 

4.2  X  10-6 

More 

than  2.0  c.c. 

1.0  x  10-6 

Moderate 

7.0  X  10-8 

Between  1.5  and  2  c.c. 

7.5  x  10-' 

Heav}- 

2.1x10-8 

1.0  c.c. 

1.0  X  10-' 

2.0x10-8 

0.7  c.c. 

7.0  X  10-8 

\'er\'  heav)- 

1.8  x  10-8 

Less 

than  0.25  c.c. 

3.6  X  10-8 

1.6x10-8 

"      0.25     " 

2.0x10-8 

9.7  X  10-9 

"     0.25     " 

1.0  X  10-8 

7.6x10-9 

"     0.25     " 

8.5  X  10-1' 

7.2x10-9 

"     0.25     " 

7.0xl0-» 

6.9  X  10-9 

"     0.25     " 

5.0  X  10-» 

5.2x10-9 

"     0.25     " 

2.2,  X  10-;' 

3.0  X  10-9 

"     0.35     " 

1.1  X  10-!> 

Moderate 

2.2>  X  10-9 

Between  0.50  and  0.6   c.c. 

8.4  X  10-10 

" 

4.1x10-9 

0.75    "     1.00  •' 

7.0  X  10-10 

Scant 

10x10-8 

1.5      "    2.0    '• 

5.3  X  10-10 

Very  scant 

7.5x10-10 

More 

than  2.0  c.c. 

ransfingf  from  abcut  C^  ^10x10"^  to  about  C+  =  8.4  >  10"^",  maximum  pro- 
liuction  of  toxin  seems  to  occur  only  where  the  reaction  of  the  bouillon  falls  in  a 
concentration  rano;e  from  about  C\;  =  7.0  x  10"^  to  about  C7,  ==  5.0  x  10-9.     Anti- 


Fig.  2. 
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peptic  action,  as  exidenced  by  scant  growth,  is  apparently  exerted  on  the  acid 
side  around  C+  =  6.5  x  10"^  while  on  the  alkaline  side,  it  does  not  come  into 
consideration  until  about  C+  =  5.3  x  10"^*^  is  reached. 

W'nh  the  foregoing  results  at  hand,  experimentation  was  now  undertaken  to 
determine  the  changes  in  reaction  and  toxin  production  wliich  take  place  in  plain 
bouillon  during  the  growth  of  Bact.  diphtherise  cultures  under  optimum  condi- 
tions. In  addition  to  the  Park  strain  (No.  036)  employed  above  for  the  anti- 
septic value  test,  another  toxicogenic  strain  (No.  0236)  originally  obtained  from 
McFarland,  and  an  avirulent  nontoxicogenic  strain  (No.  880)  isolated  by  H. 
C.  Ward  of  this  laboratory  were  studied.  The  preparation  of  the  bouillon  for 
this  purpose  and  the  inoculation  technic  have  been  detailed  in  the  preceding  sec- 
tion. The  accompanying  curves  shown  in  Fig.  2  have  been  plotted  using  the  data 
obtained  with  the  three  cultures,  and  tabulated  in  Table  11. 

Table  II 
Changes  in  H-ion  Concentration  and  Toxicogenicity  During  Growth  or  Bact. 

DIPHTHERLE    IN    BoUIELON 


(Park) 

(McFarland) 

(Avinilc 

Ht) 

Strain  A'O. 

os6 

Siraiii  No. 

02^^6 

Strain  No 

.  88o 

TIME 

IN 
HOURS 

+ 

^H 

TOXICITY 
E-^  DOSE 

TIME 

IN 
HOURS 

4. 

^H 

toxicity 

E+  DOSE 

TIME 

IN 
HOETRS 

4- 

^"h 

toxicity 

M.F.  DOSE 

0 

1.0x10-8 

■ — 

0 

7.0x10-9 

. — 

0 

8.5x10-9 

— 

24 

2.1  X  10-8 

1.0    c.c. 

24 

2.3x10-8 

No  reaction 

48 

4.6x10-8 

0.65  c.c. 

48 

3.2x10-8 

0.8      ■' 

48 

1.9x10-8 

2  c.c. 

7Z 

3.8x10-8 

0.45     " 

72 

1.3x10-8 

96 

6.0x10-8 

0.35     " 

96 

3.4x10-8 

0.55     " 

96 

1.1x10-8 

120 

2.1x10-8 

0.35     " 

120 

9.5  X  10-9 

No  reaction 

144 

4.0x10-8 

0.25     " 

144 

2.5x10-8 

0.45     " 

144 

7.4x10-9 

2  c.c. 

192 

2.9x10-8 

0.15    " 

192 

2.3x10-8 

0.55     " 

192 

8.3x10-9 

240 

3.0x10-8 

0.15     " 

240 

1.6  X  10-8 

0.15     " 

264 

5.5  X  10-9 

312 

1.2  X  10-8 

0.15     " 

312 

8.7x10-9 

0.15     " 

336 

3.8x10-9 

Necrosis 
2  c.c. 

408 

4.7  X  10-9 

0.05    " 

408 
528 

7.0  X  10-9 
5.0x10-9 

0.15     " 
0.15     " 

432 

32  X  10-9 

Necrosis 
2  c.c. 

Comparison  of  the  hydrogen-ion  concentration  curves  of  Fig.  2  shows  a 
decided  similarity  with  all  three  of  the  strains  examined.  There  is,  at  first,  a 
small  production  of  acid,  as  shown  by  an  increase  in  the  concentration  of  hydro- 
gen ions,  which  soon  reaches  a  maximum,  the  amount  of  acid  produced  varying 
with  the  organism.  The  Park  strain  (No.  036)  gives  the  maximum  amount  of 
acid,  the  other  toxicogenic  strain  (McFarland  No.  0236)  produces  nearly  as 
much,  while  the  avirulent  strain  develops  only  about  one-half  of  the  amount. 

Inspection  of  Fig.  2  indicates  that  the  slope  of  the  acid  production  curves 
is  very  nearly  the  same  for  the  three  strains,  so  that  the  total  increase  in  hydro- 
gen-ion concentration  directly  depends  on  the  length  of  time  the  organism  under- 
goes acid  fermentation.  Strain  No.  036  required  four  days  to  reach  a  maximum 
value,  No.  0236  apparently  had  attained  this  point  in  72  hours  while  No.  880 
seems  to  have  begun  an  alkaline  fermentation  after  the  first  day.     In  fact,  it 
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will  be  noted  that  all  three  strains  show  a  reversal,  followed  by  alkaline  fer- 
mentation which  apparently  continues  until  an  antiseptic  hydrogen-ion  concen- 
tration is  reached. 

By  way  of  obtaining  some  information  as  to  the  source  of  the  acid  produc- 
tion in  plain  bouillon,  two  sets  of  media  were  prepared  as  already  directed.  One 
set  consisted  of  the  beef  infusion  used  in  the  preceding  experimentation  with 
0.5  per  cent  sodium  chloride,  and  the  other  had  2  per  cent  of  the  peptone  and 
0.5  per  cent  of  the  sodium  chloride.  Both  sets  were  inoculated  with  starters 
of  the  Park  strain  (No.  036)  and  the  hydrogen-ion  concentration  changes  oc- 
curring in  each  during  growth  were  now  studied  in  accordance  with  the  technic 
already  employed.     The  results  are  shown  in  Table  III. 


Table  III 

Hydrogen-ion  Concentration  Changes  During  Growth  oe  Bact.  diphtheria  in  Straight 
Beef  Infusion  and  2%  Peptone  Solution 


Beef  Infusion 

2%  Peptone  So 

It  t  ion 

TIME  IN 

+ 

toxicity 

TIME  IN 

+ 

TOXICITY 

HOURS 

^H 

M.F.  DOSE 

HOURS 

"^H 

M.F.  DOSE 

0 

8.5  X  10-9 

0 

7.5x10-9 

24 

9.4x10-9 

No 

reaction 
2  c.c. 

24 

8.4x10-9 

No  reaction 
2  c.c. 

48 

1.3x10-8 

"     " 

48 

1.0x10-8 

"     " 

96 

2.7x10-8 

"     " 

96 

8.7x10-9 

"     " 

168 

2.7x10-8 

168 

7.0x10-9 

Slight  reaction 
2  c.c. 

240 

2,6x10-8 

(1     11 

240 

6.5x10-9 

"     " 

408 

2.9  X  10-8 

<(     « 

408 

6.1  X  10-9 

No  reaction 
2  c.c. 

It  is  readily  apparent  from  the  above  data,  that  both  components  of  plain 
bouillon  permit  of  acid  fermentation  by  Bact.  diphtheriae.  As  w'as  expected,  the 
growth  in  straight  infusion  was  scant,  while  that  in  the  2  per  cent  peptone  solu- 
tion (+  salt)  appeared  only  about  half  as  heavy  as  in  regular  bouillon.  Table 
III  shows  that  in  plain  beef  infusion,  the  diphtheria  bacillus  produces  a  small 
amount  of  acid  which  reaches  a  maximum  in  about  four  days,  after  which  the 
hydrogen-ion  concentration  remains  practically  constant.  In  the  peptone  solu- 
tion, there  is  also  an  initial  acid  production  increasing  to  about  the  third  day, 
but  then  followed  by  a  reversal  and  steady  decrease  in  hydrogen-ion  concentra- 
tion as  in  bouillon.  Estimation  of  the  amounts  of  acid  produced  in  each  case 
indicates  that  the  sum  total  of  both  sets  very  nearly  approximates  ihc  initial 
H-ion  increase  during  growth  in  plain  bouillon,  as  given  in  Fig.  2. 

Tlu'  toxicity  values  for  No.  036  show  a  steady  increase  until  the  i-ighlh 
day.  Five  days  later,  the  \'alue  appears  to  be  constant,  but  increases  in  toxicity 
at  the  end  of  seventeen  days.  The  toxin  development  in  the  case  of  No.  0236 
is  irregular,  llucluating  up  to  the  cighlh  da}',  after  whicli  there  is  a  rapid  in- 
crease in  toxicity,  reaching  a  maximum  on  the  thirteenth  day  and  remaining 
constant  at  this  value  to  the  end  of  the  experimein.  It  is  interesting  to  note 
that  the  avirulent  strain  (No.  880)  produces  no  toxin  ;it  first  (2  c.c.  dose), 
but  sufficient  is  developed  at  the  end  of  two  weeks  to  cause  necrosis  at  the  site 
of  injection  with  the  same  dose.     That  it  is  actuall)'  diphtheria  toxin  which  is 
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produced,  is  shown  by  the  fact  that  addition  of  antitoxin   (as  in  testing  by  L- 
dose)  causes  neutrahzaton  and  no  necrosis. 

DISCUSSIOX 

As  has  been  found  true  in  the  case  of  several  other  organisms,  notabl}'  in 
the  colon  and  streptococcus  groups  (Michaelis  and  Marcora.^"^  Ayers/*^  Itano^' ). 
the  hydrogen-ion  concentration  of  the  medium,  from  the  data  presented  above,  is 
seen  to  have  a  decided  influence  on  the  metabolism  of  Bact.  diphtherise.  While 
there  is  relatively  a  wide  range,  from  about  C+  =  1.0  x  10"*"  to  about  C^^  =  8.4 > 
10"^'^,  in  which  good  growth  can  take  place,  maximal  elaboration  of  toxin  occurs 
only  in  a  small  zone  of  hydrogen-ion  concentration,  covered  by  C*  =7.0x10"^ 
to  C+  ^5.0x10"^.  The  upper  limits  of  alkalinity  very  closely  approximate  in 
value  those  obtained  by  the  author  for  the  H-ion  concentration  of  antidiphtheric 
serum  (equine)  and  the  lower  is  very  near  the  C+  =  value  given  by  McClendon 
and  Magoon^*  for  blood. 

It  is  interesting  to  note  from  Table  I  that  Bact.  diphtherife  can  tolerate  a 
much  greater  concentration  of  hydroxyl  ions  (stronger  alkaline  reaction)  than 
acid  ions  before  a  value  inhibitory  to  growth  is  encountered.  In  all  probability,  the 
antiseptic  C+  values  obtained  with  the  Park  strain  (6.5x10"^  and  5.3x10"^") 
are  of  general  application  to  Bact.  diphtherise  since  "starters"  of  the  McFarland 
Strain  (No.  0236)  fail  to  develop  at  C+  =6.5x10-^  and  give  only  very  scant 
growth  in  a  medium  reading  C+  =  5.0  x  lO-^*^'.  No  growth  at  all  can  be  obtained 
with  the  avirulent  strain  at  either  of  the  above  mentioned  hydrogen-ion  con- 
centrations. 

Confirming,  in  a  general  way,  the  results  obtained  by  other  investigators, 
the  curves  plotted  in  Fig.  2  show  that  B.  diphtherise,  when  cultivated  in  plain 
bouillon  undergoes  an  initial  acid  fermentation.  Contrary  to  what  might  be  sup- 
posed from  the  introductory  review,  the  total  increase  in  hydrogen-ion  concen- 
tration, even  with  the  most  vigorous  strain  (Park,  Xo.  036)  is  relatively  small 
(from  about  C+  =1.0x10"^  to  C+  ^6.0x10'^),  and  appears  to  be  due  to  an 
acid  fermentation  of  some  constituent,  very  likely  carbohydrate  in  nature,  in 
both  the  beef  infusion  and  the  peptone.  It  should  also  be  noted  that  even  at 
the  point  of  maximum  acid  development,  the  reaction  is  definitely  alkaline. 

The  results  given  in  Table  I  strongly  indicate  that  an  actual  acid  reac- 
tion (C+ =  1.0 X  10'''' =  neutral)  has  a  destructive  action  on  diphtheria  toxin. 
From  the  amount  of  acid  produced  by  both  of  the  above  toxicogenic  strains, 
it  would  seem  that  where  the  initial  C+ of  the  medium  is  appreciably  greater  than 
7.0  X  10'^,  the  increase  in  hydrogen-ion  concentration  resulting  from  growth 
would  be  sufficient  to  produce  a  final  acid  reaction  destructive  to  the  toxin.  This 
is  actually  found  to  be  the  case.  Table  I  shows  that  where  the  initial  reaction 
of  the  bouillon  is  C+  =  7.0  x  10"*^,  a  strong  toxin  with  L-r  dose  of  less  than  0.25 
c.c.  is  obtained.  On  the  other  hand,  a  slight  increase  in  the  initial  reaction 
to  C^  =  1.0  X  10"''  is  sufficient  to  make  the  final  potency  drop  to  an  Li-  dose  of 
about  0.7  c.c. 

The  total  amount  of  acid  produced  appears  to  be  a  specific  property  of  each 
individual  strain.  The  avirulent  strain  develops  only  about  half  as  much  acid 
as  do  the  toxicogenic  strains,  the  increase  in  hydrogen-ion  concentration  reach- 
ing a  maximum  soon  after  the  first  day  in  the  former  case.     It  may  be  probable 
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that  this  (hminished  capacity  for  acid  fermentation  is  a  general  ])roperty  of 
a\  irulent  strains  and  is  possibly  an  index  of  decreased  metabolic  activity. 

The  data  gi\en  in  Tables  II  and  III  further  show  that  the  natural  course 
pursued  by  Bact.  diphtheriae  growing  in  plain  bouillon  is  in  the  direction  of  in- 
creased alkali  production.  This  decrease  in  hydrogen-ion  concentration  takes 
place  steadily  after  the  initial  acid  fermentation  and  rexersal,  and  ap^iarently 
continues  until  a  limiting  concentration  is  attained. 

It  is  ob\ious  from  the  curves  plotted  in  Fig.  II  that  in  the  ncM'mal  de\-elop- 
ment  of  Bact.  diphtherise  in  bouillon,  the  organism  may  produce  the  same  hydro- 
gen-ion concentration  at  two  different  intervals,  which  represent  wide  variations 
in  potency.  Other  than  the  fact  that  it  is  necessary  to  have  the  initial  reaction  of 
the  bouillon  within  the  alkaline  limits  abo\e  mentioned,  and  that  ])Otent  toxin 
will  have  an  alkaline  reaction,  the  experimental  data  indicate  that  there  is  no 
direct  relationship  during  growth  between  the  hydrogen-ion  concentration  of  the 
medium  and  the  production  of  toxin. 

In  conclusion,  I  desire  to  express  my  most  sincere  thanks  to  Professor  F.  E. 
Bartell  of  the  University  of  Michigan  for  valued  advice  on  the  determination  of 
hydrogen-ion  concentration. 

CONCLUSIONS 

1.  Toxin  of  maximum  potency  is  produced  in  bouillon  by  Bact.  di]ihtheri?e 
only  when  the  initial  reaction  falls  within  a  certain  zone  of  alkalinity,  included 
within  the  hydrogen-ion  concentration  limits  of  about  7.0x10"^  to  about  5.0^ 
10'-'.  Luxuriant  growth  of  the  organism  appears  to  be  possible  where  the  reac- 
tion of  the  bouillon  ranges  from  about  C^^  =  1.0x10"*"  to  about  C^^  =8.4  ■  10"^'\ 

2.  When  cultivated  in  plain  bouillon  under  optimal  conditions,  Bact.  diph- 
therice  undergoes  an  initial  increase  in  hydrogen-ion  concentration.  This  is  soon 
followed  by  a  steady  decrease  until  apparently  a  limiting  alkaline  reaction  is  at- 
tained. The  total  acid  produced  is  relati\ely  small  and  seems  to  vary  in  amount 
with  each  indi\idual  strain.  Toxicogenic  strains  appeared  to  de\elop  more  acid 
than  an  axirulent  strain.  The  initial  increase  in  hydrogen-ions  is  due  to  fer- 
mentation of  some  constituent  in  both  peptone  and  beef  infusion. 

3.  Xo  direct  relationship  can  be  found  between  the  hydrogen-ion  concen- 
tration of  the  medium  and  toxicity  during  the  growth  of  Bact.  di[)htherice. 
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NOTE  ON  THE  COLLOID  CHEMISTRY  OF  FEHLING'S  SUGAR  TEST* 


By  Martin  H.  Fischi^r,  M.D.,  and  Marian  O.  Hooker,  M.D., 
Cincinnati,  Ohio 


A  S  familiarly  known,  especially  by  the  clinicians,  the  reduction  of  Fehling's 
-^^  alkaline  copper  solution  to  cuprous  oxide  by  sugars  and  certain  other  re- 
ducing materials  presents  variations,  the  nature  of  which  is  not  yet  fully  un- 
derstood. In  testing  the  urine  of  diabetics  for  dextrose,  for  example,  it  is 
usually  expected  that  the  presence  of  sugar  will  betray  itself  through  a  reduc- 
tion of  the  copper  salt  to  a  bright  red  precipitate  of  copper  oxide.  It  frequently 
happens,  however,  that  the  reduction  does  not  yield  this  bright  red  result,  but 
a  more  orange,  or  distinctly  yellow  precipitate;  while,  under  certain  circum- 
stances, only  a  greenish  discoloration  of  the  originally  bright  blue  solution  is 
obtained,  from  which,  at  the  best,  a  light  greenish  or  dirty  yellow  precipitate 
may  settle  out  in  the  course  of  many  days. 

The  explanations  which  have  been  given  of  these  findings  are  different  with 
different  authors,  but  they  are,  for  the  most  part,  chemical  in  nature.  The  ap- 
pearance of  the  green  color,  with  little  tendency  to  form  a  precipitate,  is  often 
regarded  as  entirely  questionable  evidence  of  the  presence  of  dextrose  (or  other 
reducing  material).  The  yellow  precipitate  is  usually  accepted  as  clear  proof 
for  the  presence  of  a  reducing  body  (like  dextrose)  but  this  yellow  substance 
is  not  considered  identical  chemically  with  the  red  cuprous  oxide.  Many,  for 
example,  hold  the  yellow  precipitate  to  be  a  hydrated  form  of  the  copper  oxide. 

Because  of  this  confusion  regarding  the  nature  and  the  interpretation  of 
the  reaction,  we  decided  to  examine  it  from  a  colloid-chemical  point  of  view, 
for  we  felt  in  advance  that  the  explanation  of  what  was  really  at  the  bottom 
of  these  apparent  differences  in  end  results  was  more  likely  to  be  found  in  these 
regions  than  in  the  more  commonly  studied  ones  of  pure  chemistry.  We  felt 
that  Pehling's  reduction  test,  under  different  circumstances,  does  not  yield  clieni-^ 
ically  different  copper  oxides,  hut  one  and  the  same  copper  oxide  in  different^ 
degrees  of  subdivision   (possessed  of  different  degrees  of  dispersion). 

That  one  and  the  same  chemical  compound  (as  a  metal,  a  sulphide  or  an 
oxide)  may,  in  the  colloid  state,  show  different  colors  has  long  been  known^ 
to  different  workers.^  It  has,  however,  remained  for  Wolfgang  Ostwald"  tc 
recognize  that  these  color  variations  tend,  on  the  whole  to  follow  a  general  ordef 
and  that  this  order  is  coordinate  with  the  size  of  the  dispersed  particles.  Tm 
most  highly  dispersed  particles  of  a  given  substance  are  likely  to  be  yellow] 
as  their  size  increases,  they  become  orange,  then  red,  and  finally  violet,  blue,  o\ 
black. 
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\\'hen  the  ordinary,  brilliantly  blue  Fehling's  solution  is  mixed  with  a 
little  dextrose  solution  or  some  diabetic  urine  and  the  mixture  is  not  boiled,  as 
ordinarily,  but  is  simply  allowed  to  stand  a  number  of  hovu"s  at  room  tempera- 
ture, a  series  of  such  color  changes  as  are  represented  in  Figs.  1  to  5  may  be 
observed.  The  originally  clear  Fehling's  solution  early  loses  its  brilliancy  and 
assumes  the  more  opaque  blue  green  color  of  Fig.  1.  It  soon  passes  from  this 
to  the  leaf  green  of  Fig.  2  and  then  to  the  yellow  green  of  Fig.  3.  At  this  time 
more  or  less  yellow  precipitate  may  separate  out.  Later,  not  only  this  yellow 
precipitate,  but  the  supernatant  liquid  as  well  become  yellow  orange,  then  bril- 


Fig.   6. 


Fig.   7. 

liantly  orange  as  in  Fig.  4  and  tinally  the  bright  red  shown  both  by  the  solution 
and  precipitate  of  Fig.  5.. 

It  is  of  interest  now  to  follow  the  microscopic  appearances  which  are  co- 
incident with  these  macroscopic  optical  changes.  This  may  he  done  l>y  exam- 
ining drops  of  fluid  from  different  tubes  as  the  dififerent  colors  arc  dexclopod, 
or  the  whole  scries  may  be  observed  in  one  and  the  same  drop  as  the  reduction 
progresses  under  the  microscope.  Examined  microscojiicaliy  or  ultramicroscopi- 
cally,  the  original   lu'liling'^  :>nlvition  is  oiiticall)    bomogeneous.     If  a  drop  of  the 
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fluid  from  such  a  less  brilliant  tube  as  is  shown  in  Fig.  1  is  examined,  one  earlv 
becomes  conscious  of  a  vague  blurring  in  the  microscopic  field.  By  waiting  a 
little,  this  is  seen  to  be  followed  by  a  brilliant  lighting-up  of  the  field  through 
vast  numbers  of  actively  motile  particles.  A  photograph  taken  about  this  time 
yields  Fig.  6.  A\  e  may  now  examine  drops  of  fluid  from  the  yellow,  orange, 
or  red  tubes  or  we  may  simply  watch  the  original  preparation  under  the  micro- 
scope as  this  passes,  successively,  through  these  same  color  changes.  As  shown 
in  Figs.  7  and  8,  the  particles  gradually  grow  in  size  so  that  when  they  appear 
distinctly  yellow  and  start  to  precipitate  as  in  Fig.  3,  the  microscopic  picture 
shown  in  Fig.  7  is  observed,  ^\'hen  the  brilliant  red  precipitate  is  reached,  the 
microscope  reveals  particles  of  the  size  shown  in  Fig.  8. 

These  observations  show,  therefore,  that  the  different  colors  ohscnrd  in  the 
reduction  of  FehVmg's  solution  by  dextrose  (or  other  reducing  substances)  arc 
nothing  more  than  color  changes  coincident  zvith  a  gradual  increase  in  the  size 
of  copper  oxide  particles. 
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To  the  practical  chemist  who,  like  the  clinician,  uses  Fehling's  test  in  order 
to  determine  qualitatively  or  quantitatively  the  presence  of  reducing  substances 
in  any  fluid  (like  urine),  the  simple  observations  detailed  in  this  paper  are  not 
only  useful,  but  they  make  clear  the  meaning  of  several  things  which  have 
previously  been  ambiguous. 

These  observations  show  that  any  of  the  positive  reactions  here  described 
(whether  they  yield  merely  a  dirty  green  solution,  a  yellow  or  orange  precipitate, 
or  the  brilliantly  red  precipitate  so  generally  sought)  indicates  equally  well  the 
presence  of  a  reducing  substance.  A  dirty  pea-green  solution,  in  other  words, 
means  just  as  much  from  a  qualitative  point  of  view -as  does  a  red  precipitate. 
Most  textbooks  would  have  it  that  this  is  not  the  case,  or,  if  they  admit  that 
such  a  reaction  is  important  qualitatively,  they  hold  that  it  means  the  presence 
of  but  little  reducing  material.  It  is  of  interest,  therefore,  to  emphasize  that  in 
the  case  of  dextrose,  for  exam.ple,  the  presence  of  much  of  this  material  is  quite 
as  likely,  in  fact  more  likely,  other  things  being  equal,  to  yield  merely  a  green- 
ish discoloration  or  a  yellow  precipitate  than  is  a  lesser  amount.     In  fact,  to 
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insure  getting  the  red  precipitate,  one  must  in  all  instances  use  little  enough  of 
tlie  reducing  material.  Generally  speaking,  amounts  of  dextrose  too  small  to 
reduce  all  the  copper  salt  present  will  more  definitely  yield  a  red  or  an  orange 
precipitate  than  larger  amounts. 

This  fact,  as  well  as  certain  others  to  be  discussed  immediately  will,  of 
course,  be  readily  intelligible  to  the  colloid  chemist.  With  much  sugar  present, 
the  number  of  points  at  which  the  copper  salt  is  attacked  and  reduced  will 
evidently  be  much  larger  than  when  less  sugar  is  added.  All  the  available  cop- 
per salt  for  further  growth  of  the  particles  will,  therefore,  have  been  exhausted 
when  the  copper  oxide  particles  are  still  small,  wherefore  the  presence  of  too 
much  reducing  substance  is  more  likely  to  yield  only  the  allegedly  ambiguous 
end  reaction  than  when  less  is  used. 

Another  factor  must,  however,  be  considered  as  acti\e  in  determining  what 
the  end  result  will  be.  Obviously,  if  the  reduced  copper  oxide  can  be  stabilized 
anywhere  in  its  progress  from  the  finely  divided  material  to  the  coarse  red,  then 
one  of  the  intermediate  colors  is  obtained.  As  is  also  familiar  to  the  colloid 
chemist,  such  stabilization  of  a  finely  divided  suspension  colloid  is  commonly 
brought  about  through  the  presence  in  the  reaction  mixture  of  various  hydroph- 
ilic  (lyophilic)  colloids. 

The  truth  of  this  general  conclusion  may  be  tested,  not  only  experimentally 
with  the  pure  materials  of  the  chemical  laboratory,  but  it  is  done  daily  in  the 
clinicochemical  experience  of  the  laboratory  worker  in  medicine.  If  to  the  dex- 
trose solution  used  to  produce  such  a  series  of  color  reactions  as  is  shown  in 
Figs.  1  to  5  we  add  some  mucin,  some  acacia,  some  gelatin,  a  little  egg-white 
or  some  other  hydrophilic  colloid,  the  rate  at  which  the  various  colors  is  ob- 
tained is  much  delayed.  In  fact,  if  the  concentrations  are  chosen  properly, 
only  dirty  green  or  yellowish  green  reductions  may  be  obtained,  no  matter  how 
much  copper  oxide  reducing  substance  may  be  present.  The  copper  oxide  ma}-, 
in  other  words,  be  stabilized  in  any  of  its  various  states  of  subdivision. 

What  has  been  written  above  might  seem  at  first  sight  not  to  harmonize 
with  the  practical  fact,  well  known  to  the  clinicians,  that  the  urine  of  a  severe 
diabetic  will  more  often  give  a  more  perfect  (red)  reduction  of  Fehling's  solu- 
tion than  will  the  urine  from  a  milder  diabetic  or  that  from  a  normal  individual 
in  whom  an  alimentary  glycosuria  has  been  produced  by  excessive  consumption 
of  carbohydrate.  The  reasons  for  this  are  to  be  found  in  the  fact  that  a  se\"ere 
diabetic  with  high  dextrose  elimination  is  usually  also  the  victim  of  a  polyuria. 
His  urine  while  high  in  reducing  substance  (and  consequentl\-  by  itself  inclined 
to  yield  a  green  or  yellow  result )  is,  therefore,  relatively  poor  in  those  protective 
substances  which  gi\e  normal  ( nonpolyuric)  urine  its  restraining  ]io\\  ers  tor 
the  stabilization  of  the  copper  oxide  particles  when  these  arc  still  small.  Con- 
versely, the  urine  of  a  more  nearl\-  normal  in(li\i(lual  (containing,  for  example, 
but  little  dextrose  following  an  excessive  carbohydrate  ration)  will,  it  is  true, 
contain  but  little  reducing  substance,  but  what  makes  for  tiie  slabiliz.ition  of 
the  copper  oxide  in  its  finely  divided  form  is  the  large  content  of  jirotective 
materials  present. 

The  scientific  basis  of  the  old  trick  of  diluting  bea\il\'  the  niatort;il  to  be 
examined    whene\er    such    ([ueslionablc    reduction.^    are    olitained    i>    easily    seen. 
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Dilution  not  only  dilutes  the  highly  concentrated  reducing  substance,  but,  more 
important,  it  dilutes  the  stabilizing  colloids  to  a  point  where  their  powers  in 
this  direction  are  largely  lost. 

To  these  factors  of  the  concentration  of  the  reducing  substance  itself  and 
the  concentration  of  the  various  protective  colloids  which  may  be  present  comes 
a  third  factor  which  determines  the  nature  of  the  end  result.  When  dextrose, 
for  example,  is  treated  with  an  alkali,  a  series  of  degradation  products  is  formed, 
as  is  well  known,  and  it  is  these  which  in  their  turn  are  the  elements  directly 
responsible  for  the  reduction  of  the  copper  salt.  In  the  formation  of  these 
degradation  products,  however,  some  are  produced  which  are  in  themselves 
colloid  and  hydrophilic  in  type.  W  hen,  therefore,  too  much  of  a  solution  con- 
taining dextrose  or  any  similar  reducing  substance  is  added  to  Fehling's  solu- 
tion, there  appears  the  danger  of  getting  intermediate  colloid  substances  which 
in  themselves  tend  to  stabilize  the  copper  oxide  before  it  has  attained  the  coarse 
dimensions  necessary  to  yield  an  orange  or  red  precipitate. 

A  final  word  must  be  added  regarding  the  effects  of  temperature  in  the 
production  of  the  red  precipitate  in  a  reducing  Fehling's  solution.  Reduction 
at  high  temperature  (as  in  the  usual  procedure)  is  more  likely  to  yield  the  col- 
loid types  of  reduction  products  than  lower  ones  (like  room  temperatures).  A 
urine  containing  an  amount  of  reducing  body  which  upon  boiling  yields  only 
a  dirty  green  solution,  will  show  a  bright  red  precipitate  if  the  same  propor- 
tions of  urine  and  Fehling's  solution  are  simply  mixed  and  set  aside  at  room 
temperature  for  twenty-four  hours.  The  reasons  for  such  improvement  are 
probably  several,  but  the  most  important  would  seem  to  be  the  initiation  of  the 
reduction  at  fewer  points  under  the  latter  circumstances,  while,  because  of  the 
greater  time  element,  these  fewer  points  would  then  be  given  better  opportunity 
to  grow  to  the  sizes  characteristic  of  the  red  precipitate. 

ADDENDUM 

Since  writing  the  above  and  since  the  appearance  of  a  preliminary  note^ 
discussing  this  subject,  Stanley  Benedict  has  called  our  attention  to  the  fact 
that  many  of  the  points  made  in  our  communication  have  been  previously  rec- 
ognized by  Hugh  MacLean.*  MacLean,  in  1906,  questioned  the  chemical  nature 
of  the  differences  in  the  results  obtained  upon  reducing  Fehling's  solution  and 
brought  forth  evidence  which  he  felt  indicated  that  these  dift'erences  were  merely 
physical.  While  his  proofs  have  not  been  accepted  as  final  by  Benedict,  we 
think,  in  the  light  of  the  additional  facts  detailed  above  and  the  clearer  notions 
now  available  than  then  regarding  the  essential  nature  of  the  colloid  state,  that 
MacLean's  general  conclusions  may  be  accepted  with  entire  safety. 

Failure  to  get  a  red  precipitate  MacLean  holds  to  be  due  to  something 
which  keeps  the  cuprous  oxide  "in  solution."  If  the  word  "solution"  is  not  in- 
terpreted too  strictly,  but  in  the  way  in  which  it  was  used  a  decade  ago  when  i 
we  still  felt  free  to  speak  of  liquid  colloid  suspensions  as  "solutions,"  then  no 
objection  must  be  raised  to  this  contention  of  the  author.  As  a  matter  of 
fact,  in  developing  his  theme  he  shows  that  what  he  means  by  "solution"  is\ 
a  suspension  of  particles  of  dift'erent  sizes.  He  demonstrates  these  differences] 
by  showing  that  the  green,  the  yellow,  the  orange,  and  the  red  liquids,  or  pre 


I 


COLLOID-CHEMICAIv    MIMICRY    OF    ENZYMATIC    REACTIONS  373 

cipitates,  pass  with  increasing  difficulty  through  filters  of  known  porosity.  But 
this  filtration  method  as  we  now  know  constitutes  one  of  the  very  schemes  em- 
ployed by  colloid  chemists  in  order  to  determine  (somewhat  roughly)  the  size 
of  particles  in  colloid  suspensions.  Finally,  in  trying  to  say  v/hat  it  is,  in  urine 
for  example,  which  keeps  the  cuprous  oxide  *'in  solution"  (or,  in  more  modern 
terms,  in  a  state  of  high  dispersion)  he  fixes  first  attention  upon  the  presence 
of  creatinine.  MacLean  holds  that  this  substance  (rather  specifically  it  would 
seem  from  the  contentions  of  the  author)  keeps  the  cuprous  oxide  "in  solu- 
tion." Considering  the  fact  that  any  hydrophilic  colloid  which  is  not  dehy- 
drated by  the  conditions  of  the  experiment  will  retard  or  prevent  the  develop- 
ment of  the  cuprous  oxide  to  its  red  form,  a  specific  action  is  probably  not  to 
be  assigned  to  the  creatinine.  As  MacLean  himself  points  out,  the  creatinine 
by  itself  "discolors"  but  does  not  reduce  Fehling's  solution.  By  removing  some 
of  the  available  copper,  addition  of  the  creatinine,  therefore,  substitutes  for  the 
ordinary  mixture  in  which  the  amount  of  copper  salt  exceeds  the  amount  of 
the  reducing  body,  one  in  which  the  opposite  conditions  obtain.  This,  there- 
fore, by  itself,  tends  to  give  the  yellow  or  green  result.  Beyond  this  the 
creatinine  may  form  new  and  colloid  compounds  with  some  of  the  constituents 
of  the  Fehling's  solution  from  which  a  general  colloid  protective  action  as  de- 
tained above  would  then  result. 
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ON  THE  COLLOID-CHEMICAL   MIMICRY   OF    CERTAIN  ENZYMATIC 

REACTIONS* 


By  Martin  H.  Fischer,  M.D.,  and  Marian  O.  Hooker,  M.D., 
Cincinnati,  Ohio 

T.V  the  course  of  experiments  in  which  Fehling's  solution  was  reduced  by 
J-  difterent  substances,  we  encountered  a  series  of  reactions  which  are  so  strik- 
ingly analogous  to  certain  reactions  observable  in  living  proto])lasm  that  we 
have  used  these  reactions  for  class  demonstration  purposes.  AMiile  ^■arious 
aspects  of  the  phenomena  to  be  described  are,  since  IJrcdig's  ex])criments,  well 
known  to  physical  chemists,  their  sum  total  is  somewhat  new,  and  having  [)roved 
of  teaching  value  in  physiologic  discussion  we  publish  them  here  with  the  feel- 
ing that  they  may  i)ossibly  pro\e  of  interest  to  a  wider  circle  of  laboratory 
workers. 

As  well  known,  lormaldehyde  will   rcihicc  at  room  lcni])(.M"nlures  a   b'elihng's 
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374  THE    JOURNAL    OF    LABORATORY    AXD    CLINICAL    MEDICINL 

solution  not  only  to  the  ordinary  cuprous  oxide,  but  to  the  metalhc  copper.  As 
the  copper  begins  to  be  formed  it  comes  down  in  a  finely  divided  state,  in  other 
words,  in  colloid  form.  As  soon,  however,  as  this  colloid  copper  appears,  a 
second  reaction  ensues.  The  metallic  copper  begins  to  act  upon  the  formalde- 
hvde  and  to  decompose  this  with  the  liberation  of  a  gas.  The  gas  is  hydrogen. 
When  this  experiment  is  done  at  ordinary  room  temperatures,  when  the  Fehling's 
solution  and  the  formaldehyde  are  first  mixed  ( in  the  proportion  of  10  c.c.  of 
40  per  cent  formaldehyde  to  90  c.c.  of  Fehling's  solution),  nothing  apparently 
happens;  but,  after  some  hours  the  bright  blue  color  becomcsless  transparent 
as  a  consequence  of  the  gradual  formation  of  the  metallic  cop|)er,  and.  as  this 
ensues,  tiny  bubbles  arise  throughout  the  fluid  so  that  the  whole  mixture  be- 
comes distinctly  effervescent.  This  process  continues  until  all  the  formalde- 
hyde has  been  decomposed  or  until  all  the  blue  color  disappears  and  nothing  is 
left  behind  but  a  spongy  copper,  from  which  there  still  rise  occasional  bubbles 
of  liberated  gas. 

When  biologic  terms  are  applied  to  the  set  of  reactions  here  described, 
we  may  say  that,  from  the  mixing  together  of  a  metallic  salt,  an  alkali  and  a 
simple  carbohydrate,  we  observe,  first,  the  production  of  an  enzyme  fthe  colloid 
copper).  In  other  words,  there  results  from  mixing  together  a  series  of  very 
simple  ''dead"  substances  the  production  of  that  most  characteristic  of  all  the 
substances  which  characterize  "living"  matter.  Looked  at  another  way,  the 
Fehling's  solution  represents  a  reaction  mixture  which  is  "injured,"  "poisoned" 
or  destroyed  by  the  formaldehyde.  But  against  this  "poison"  or  "toxin"  the 
reaction  mixture  produces  an  "antitoxin"  (the  reduced  copper),  which  in  its 
turn  decomposes  the  formaldehyde  and  so  retards  or  prevents  its  further  in- 
jurious action  upon  the  Fehling's  solution. 

The  analogy  to  biologic  reactions  is  further  heightened  when  it  is  pointed 
out  that  the  presence  of  various  substances  will  not  only  prevent  the  forma- 
tion of  the  enzyme  (the  reduced  copper),  but  will  inhibit  its  action  after  forma- 
tion. Potassium  cyanide  (which  according  to  the  classical  findings  of  Geppert 
is  particularly  active  in  this  regard  in  biological  reactions,  and  according  to 
the  findings  of  Bredig,  in  the  case  of  the  colloid  inorganic  "ferments")  shows 
marked  action  upon  the  decomposition  of  Fehling's  solution  by  formaldehyde. 
Whether  the  cyanide  be  added  to  an  original  mixture  of  Fehling's  solution  and 
formaldehyde,  or  whether  it  be  added  after  the  copper  reduction  and  the  sec- 
ondary decomposition  of  the  formaldehyde  have  been  w^ell  established,  pres- 
ence of  the  cyanide  inhibits  or  stops  entirely  further  decomposition  in  the  re- 
action mixture. 

The  decomposition  of  formaldehyde  under  the  influence  of  colloid  copper 
with  the  production  of  hydrogen  may  also  be  used  to  illustrate  much  of  what 
is  considered  fundamental  in  respiration.  As  emphasized  in  the  classic  views! 
of  Hoppe-Seyler,  the  production  of  nascent  hydrogen  is  held  to  be  essential 
in  the  chemistry  of  biologic  oxidation.  But  depending  upon  whether  this  pro- 
duction of  the  hydrogen  occurs  in  the  presence  or  in  the  absence  of  oxygen, 
totally  different  eft'ects  (as  an  oxidation  in  the  one  case  or  a  reduction  in  the 
other)   may  be  brought  about.  , 

If  to  a  fresh  mixture  of   Fehling's   solution  and    formalde'nvde.   or  to  onc; 
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in  which  partial  reduction  to  metallic  copper  has  already  occurred,  is  added  a 
reducible  substance,  it  is  found  that,  if  oxygen  is  admitted  to  the  reaction  mix- 
ture, the  reducible  substance  is  not  afifected,  while  it  is  deoxidized  if  the  oxygen 
is  shut  oft.  Such  dyes  as  methylene  blue  or  phenolsulphonephthalein  which, 
with  loss  of  oxygen  yield  colorless  compounds,  work  best  in  this  regard.  Dyes 
which  are  easih  distinguishable  from  the  blue  of  Fehling's  solution  are  naturally 
to  be  preferred.  The  red  of  phenolsulphonephthalein  is,  therefore,  particularly 
good.  If  some  of  this  dye  is  added  to  a  mixture  of  Fehling's  solution  and 
formaldehyde  (150  c.c.  Fehling's  solution  plus  15  c.c.  40  per  cent  formaldehyde 
plus  0.6  gram  phenolsulphonephthalein)  and  the  resulting  solution  is  divided,  one- 
half  being  poured  into  a  tall  test  tube  in  which  it  is  but  little  exposed  to  oxygen, 
while  the  other  half  is  kept  in  a  flat  dish  with  a  large  surface  exposed  to  oxygen, 
it  is  observed  that  the  red  color  of  the  phenolsulphonephthalein  is  lost  after 
some  hours  in  the  tube  protected  against  the  air,  wdiile  it  remains  unchanged  in 
the  open  dish.  The  nascent  hydrogen,  in  other  words,  unites  in  the  latter  in- 
stance with  the  oxygen  of  the  air  and  leaves  the  dye  vmaifected,  while  in  the 
absence  of  atmospheric  oxygen  the  hydrogen  seizes  upon  the  oxygen  of  the 
phenolsulphonephthalein  and  decolorizes  it.*  The  phenolsulphonephthalein  can 
be  shown  to  be  still  present  in  the  tall  test  tube  and  in  a  readily  oxidizable  state. 
It  is  only  necessary  to  shake  the  tube  a  little  so  as  to  get  some  of  the  atmos- 
pheric oxygen  dissolved  in  the  upper  layers  of  liquid  or  to  pour  the  whole  re- 
action mixture  into  a  second  test  tube  through  the  air,  to  see  the  bright  red 
color  of  the  phenolsulphonephthalein  reappear. 

We  see  in  these  reactions  an  analogy-  to  those  upon  which  Hoppe-Seyler 
laid  much  stress  and  an  illustration  of  the  important  differences  so  long  recog- 
nized in  biochemical  reactions  occurring  in  the  presence  of  oxygen  or  in  its 
absence.  If  we  regard  phenolsulphonephthalein  as  the  analogue  either  of  a 
protoplasmic  "food"  or  of  a  protoplasmic  "poison"  to  that  "fermentation"  mix- 
ture which  we  have  likened  to  a  biologic  respiration  system,  it  is  obvious  that 
the  fate  of  the  "food"  or  "poison"  and  hence  of  its  effects  upon  the  substrate,  is 
something  totally  dififerent  in  the  presence  and  in  the  absence  of  oxygen.  The 
same  respiratory  "ferments"  produce  effects  in  the  one  case  which  are  totally 
lacking  in  the  other. 


*The  behavior  of  the  methylene  blue  is  particularly  interesting  because  it  is  the  sulistance  upon 
which  Paul  Ehrlich  made  his  fundamental  studies  in  tissue  oxidation.  Phenolsulphonephthalein  is  of  interest 
because  it  is  this  dye  which  has  found  such  extensive  use  in  various  functional  tests  for  kidney  efficiency. 
We  have  repeatedly  emphasized  fMartin  II.  Fischer,  Oedema  and  Nephritis,  New  York.  1915,  ed.  2,  621) 
the  great  care  necessary  in  the  interpretation  of  all  functional  tests,-  especially  when  such  are  used  to  demon- 
strate functional  incapacity.  In  the  specific  case  of  the  phenolsulphonephthalein  test  for  kidney  efficiency, 
for  example,  not  only  must  it  be  remembered  that  a  normal  dye  output  can  still  be  obtained,  even  when 
Dut  as  little  as  one-fourth  to  one-eighth  the  total  kidney  substance  is  still  intact,  but  with  any  amount  of 
normal  kidney  tissue  various  extrarenal  factors  in  no  way  associated  directly  with  the  kidney  state  may 
make  for  a  too  low  dye  output  even  though  the  kidney  itself  is  not  primarily  at  fault.  Anvthing  wdiich 
increases  the  adsorptive  power  of  the  body  colloids  for  the  phenolsulphonephthalein,  for  example,  will  work 
in  this  direction.  In  this  way  the  dye  is  held  in  the  body  tissues,  and,  failing  to  get  to  the  kidney,  a  low 
phthalein  output  results.  E.  I?.  Reemelin  ( I.ancet-Clinic,  1916,  cxv,  327)  and  Raphael  Isaacs  (Am.  Jour. 
Physiol.,  1916,  xlii,  163)  have  shown  that  every  increase  in  the  acid  content  of  the  colloids  of  the  blood — - 
in  other  words,  in  all  states  in  which  there  is  an  abnormal  production  or  accumulation  of  acids  in  the  body — ■ 
will  make  this  hold  fast  the  injected  dye  and  so  it  fails  to  come  out  in  the  kidney  even  when  this  organ  is 
norrnal.  But  what  is  of  especial  interest  in  connection  witli  the  experiment  detailed  above  is  that  it  was 
devised  to  demonstrate  in  an  ordinary  .physicochemic  reaction  mixture,  the  observation  of  E.  C.  Kendall 
(Am.  Jour.  Physiol.,  1917,  xlii,  S.)2)  that  phenolsuliihonephthalein  is  reduced  to  a  colorless  compound  by 
tissue  pulp  whenever  oxygen  is  absent,  while  this  reduction  fails  to  be  made  in  its  presence.  Failure  to 
excrete  phenolsulphonephthalein  may  mean,  therefore,  not  only  a  loss  of  kidney  function  to  helow  the  last 
quarter  or  eighth  of  its  functional  capacity,  bvit  ;i  st;iU-  of  high  geiu-r.il  acid  cmitcnt,  or  an  absence  of  oxygen, 
or  these  several   factors  together. 


THE  MASTIC  TEST  FOR  THE  DIAGNOSIS  OF  CEREBROSPINAL 

SYPHILIS 


By  Fletcher  Langdon,  M.D.,  Cixcinnati,  Ohio. 


THE  mastic  test  was  published  in  1915,  by  Emanuel,  in  an  effort  to  find  a 
simple  and  reliable  test  for  the  diagnosis  of  syphilis  in  the  cerebrospinal 
tluid. 

This  test  depends  on  the  precipitation  of  a  solution  containing  gum  mastic, 
in  cases  of  syphilis,  and  no  change  in  the  solution  in  negative  cases. 

The  method  in  use  was  devised  by  J-  A.  Cutting*  of  the  Agnew's  State 
Hospital,  Agnew,  California,  and  is  as  follows:  A  stock  mastic  solution  is  made 
consisting  of  10  grams  of  pure  gum  mastic  in  100  c.c.  of  absolute  alcohol;  this 
is  filtered  and  kept  in  tightly  stoppered  bottles  in  which  it  will  keep  indefinitely. 
One  part  of  this  stock  solution  is  added  to  nine  parts  of  absolute  alcohol  and 
the  mixture  is  then  insufflated  into  forty  parts  of  distilled  water,  producing  an 
opalescent  solution  which  keeps  well  for  several  days  and  is  the  solution  used 
in  the  actual  test. 

The  absolute  alcohol  used  in  the  test  should  be  of  highest  purity  and  not 
merely  dehydrated  alcohol.  Make  a  1.25  per  cent  solution  of  sodium  chloride 
(XaCl)  in  distilled  water  and  to  this  add  1  c.c.  of  a  0.5  per  cent  solution  of 
potassium  carbonate  for  each  100  c.c.  of  NaCl  solution  used. 

Six  test  tubes  are  placed  in  a  rack;  in  the  first  tube  is  placed  0.5  c.c.  of  the 
spinal  fluid,  to  be  tested,  and  1.5  c.c.  of  the  combined  1.25  per  cent  NaCl  and 
0.5  per  cent  potassium  carbonate ;  place  in  tubes  .Nos.  2,  3,  4,  5,  and  6,  one  c.c. 
each  of  the  1.25  per  cent  XaCl  and  0.5  per  cent  potassium  carbonate  solution. 
Remove,  with  a  1  c.c.  bulb  pipette,  1  c.c.  of  the  mixture  from  the  tube  No.  1 
and  place  in  No.  2,  and  from  No.  2  to  No.  3,  etc.,  until  tube  No.  5  is  reached. 
The  spinal  fluid  mixture  (1  c.c.)  is  discarded  from  tube  No.  5;  tube  No.  6  is 
the  control  tube  and  receives  none  of  the  spinal  fluid  mixture. 

Mix  the  fluid  in  the  test  tubes  by  shaking  or  stirring  with  a  clean  glass  rod. 
Add  1  c.c.  of  the  mastic  emulsion  to  each  of  the  six  tubes  and  mix  again  thor- 
oughly. Allow  to  stand  in  a  warm  place  (room  temperature)  for  from  twelve 
to  eighteen  hours,  or  incubate  at  37°  C.  for  six  to  twelve  hours  or  incubate  at 
37°  C.  for  two  hours  and  centrifuge  before  reading. 

In  positive  cases  the  mastic  will  be  precipitated  in  the  first  one,  two,  three, 
or  four  tubes  (or  higher  in  strongly  positive  cases)  leaving  the  supernatant 
fluid  clear  and  the  mastic  a  white,  flocculent  precipitate  at  the  bottom  of  the 
tube,  though  in  some  cases  the  opalescent  appearance  of  the  fluid  remains  the 
same,  with,  however,  a  fine  white  precipitate  of  mastic  at  the  bottom  of  the 
tube.     The  control  should  never  change  its  appearance. 

In  the  serologic  laboratory  of  the  Cincinnati  General  Hospital  we  tested 
by  this  method  101  specimens  of  cerebrospinal  fluid.  These  specimens  were, 
whenever  possible,  submitted  also  to  the  A\'assermann,  gold  curve,  globulin  (buty- 
ric acid  test)  and  a  blood  \\'assermann  test. 

The  following  table   shows  what  results  were  obtained.     These   101    speci- 
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mens   were  not  selected,   but   came  to   the  laboratory   for  the   routine   serologic 
examination  (Table  I). 

Table  I* 
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*Owing  to  the  fact  that  a  number  of  specimens  of  cerebrospinal  fluid  contained  blood,  it  was 
possible  to  make  the  gold  curve  and  globulin  tests  in  every  case.  It  was  also  impossible  to  obtaui  s 
mens  for  a  blood   Wassermann  in  over  half  of  the  cases. 


After  completing  these  101  mastic  tests  in  connection  with  the  other  routine 
serologic  tests,  our  conclusions  were  : 

1.  That  the  mastic  test,  in  our  hands,  is  probably  not  as  delicate  or  reliable 
as  Lange's  colloidal  gold  test  (gold  curve)  properly  performed. 

2.  That  the  gold  curve,  properly  performed,  will  indicate  whether  the  syphilis 
in  the  cerebrospinal  fluid  is  of  the  paretic,  luetic,  or  meningitic  type,  while  the 
mastic  test  merely  shows  a  positive  or  negative  result. 

3.  That  the  colloidal  gold  solution  is  but  little  more  difficult  to  make  than 
the  mastic  solution  when  one  uses  care  to  obtain  a  high-grade  chloride  of  gold 
for  use,  and  that  the  colloidal  gold  solution  may  be  made  in  comparatively  large 
quantities  and  will  keep  until  used. 

4.  That,  while  the  gold  curve  requires  twice  the  number  of  test  tubes  for 
each  test  and  also  double  distilled  water,  the  mastic  test  requires  pure  absolute 
alcohol  (expensive  and  difficult  to  obtain  at  present)  and  that  the  mastic  glass- 
ware is  much  more  difficult  to  clean  than  the  gold  cur\e  glassware  and  it  is  of 
primary  importance  that  all  glassware  used  in  either  lest  be  absolutely  clean, 
the  gold  curve  glassware  being  cleaned  with  soap  and  water,  then  with  sulphuric 
acid,  then  rinsed  in  distilled  water  and  dried.  The  mastic  ware  must  be  cleaned 
with  soa])  and  water,  then  dried  and  thorouglily  rinsed  in  strong  alcohol  to 
remove  the  mastic  adhering  to  the  glass. 

I  am  under  great  obligations,  in  this  work,  to  Dr.  (  )scar  r.ergliauseii,  in 
charge  of  the  serologic  laboratory  of  the  Cincinnati  General  Hospital  (wlu'ie 
this  work  was  done)  and  to  Mrs.  Mary  Rixers,  the  assistant  demonstrator  in 
serology  under  the  Moos  fund,  and  to  I  )r.  I-'oy  I'ayne  for  much  help  and  kind- 
ness (hii-ing  the  course  r)f  this  work. 


AN  IMPROVED  METHOD  FOR  ANESTHETIZING  ANIMALS  * 


By  John  A.  Higgins,  St.  Louis,  Mo. 


A  METHOD  for  administering  ether  to  animals,  whicli  I  have  seen  quite 
often  in  the  laboratory,  is  described  by  Jackson. t  This  method  may  be 
satisfactory  if  properly  executed,  but  the  following  method  seems  much  safer  and 
can  easily  be  handled  by  one  man. 

The  apparatus  used  in  this  method  (see  figure)  consists  of  an  empty  one- 
pound  ether  can  cut  in  halves,  of  which  the  upper  half  is  here  used.  The  front 
end  of  the  ether  can  (A)  is  perforated  with  numerous  holes  and  allows  perfect 
ventilation.  Around  the  lower,  or  open,  edge  of  the  can  (B )  are  also  per- 
forated numerous  holes,  to  which  is  fastened  much  cotton  covered  with  gauze, 
allowing  only  a  sufficient  opening  for  the  average  dog's  nose  and  mouth  to 
enter.  On  the  top  of  the  ether  can  (C)  is  a  cup-shaped  piece  of  metal  in 
which  ether  is  poured  and  allowed  to  enter  the  inside  of  the  ether  can.  On 
each  side  of  the  ether  can  (D)  are  fastened  wire  lugs  to  which  are  fastened 
short  stout  straps  and  buckles. 


Fig.   1. 


This  section  just  described  is  used  in  the  fashion  of  a  muzzle  and  is  held 
in  position  on  the  animal  by  straps  E  which  in  turn,  are  riveted  onto  the  in- 
side of  straps  F.  Straps  F  are  stout,  about  three  inches  long,  and  both  ends 
are  riveted  together  after  placing  about  an  inch  in  diameter  ring  on  each  strap. 
Strap  H  is  an  ordinary  stout  collar  strap  placed  around  the  neck  of  a  dog  just 
tight   enough   to   prevent   the    dog   from    slipping   his   head    through   the   collar. 

On  the  far  ring  at  strap  F  is  fastened  a  strap  long  enough  to  go  around 
a  solid  stationary  block  or  post,  and  fastened  onto  the  ring  on  the  near  side  at 
strap  F.  A  snap  catch  may  here  be  used  as  illustrated.  Previous  to  use,  the 
ether  can  should  be  lined  with  a  layer  of  cotton. 

After  arranging  this  apparatus  on  a  dog,  the  dog  is  set  in  a  resting  erect 
position  on  the  floor.     Grasp  the  dog's  forepaws  with  the  left  hand.  Avith  the 

*From  the  Department  of  Pharmacology,  Washington   University   iMedical    School,    St.   Louis. 
tD.  E.  Jackson:     Experimental  Pharmacology,  C.  V.  Mosby  Co.,   1917,  p.   77. 
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right  knee  pressing  down  on  the  dog's  back  to  keep  him  in  place.  The  ether 
is  then  poured  in  cup  C  with  the  anesthetist's  right  hand.  When  the  dog  is 
well  anesthetized,  remove  the  apparatus  by  loosening  strap  H,  place  the  dog 
on  the  operating  table  and  proceed  as  usual. 

Where  a  very  strong  dog  is  to  be  anesthetized  it  might  be  advisable  to 
use,  in  connection  with  the  previously  described  apparatus,  a  board  platform 
set  on  the  floor  and  large  enough  for  the  operator  and  dog  to  stand  upon.  On 
the  rear  end  of  the  board  platform  should  be  fastened  two  strong  upright 
pieces  to  which  the  dog's  hind  quarters  are  securely  fastened.  The  dog's  hind 
quarters  should  be  fastened  just  above  the  middle  joint  of  the  legs  and  while 
he  is  in  a  standing  position.  Where  the  platform  procedure  is  used,  it  will 
eliminate  holding  the  dog  in  position  with  the  right  knee  as  previously  de- 
scribed. This  last  procedure  of  holding  a  dog  could  be  used  to  great  advan- 
tage in  the  laboratory  where  hypodermic  injections  of  drugs  or  serums,  as  in 
sensitizing  anaphylactic  dogs,  are  required. 
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EDITORIALS 


The  Nervous  Mechanism  in  Thyroid  Secretion 

SEVERAL  years  ago  Professor  Asher,  of  the  University  of  Bern,  demon- 
strated an  experiment  which  was  interpreted  as  proving  the  existence  of 
a  nervous  mechanism  to  the  thyroid  glands.  The  thyroidal  nerves  were  stimu- 
lated with  induced  electric  shocks  of  low  intensity,  and  the  response  of  the 
heart  to  subminimal  vagus  stimulation  was  determined  at  stated  intervals  dur- 
ing the  experiment.  If  the  stimulus  became  effective  in  slowing  or  inhibiting 
the  heartbeat,  it  was  taken  as  proof  that  the  thyroid  had  produced  an  extra 
amount  of  thyroidal  hormone  which  rendered  the  nerve  endings  of  the  vagus 
hypersensitive.  Here,  then,  was  experimental  proof  that  the  secretion  of  the 
thyroid  gland  exalts  the  excitability  of  nerves,  and  that  the  thyroid  secretion  is 
determined  by  a  nervous  mechanism.  The  surgeon  found  in  these  results  a  rea- 
son for  the  removal  of  the  glands  in  Graves'  disease,  where  there  is  marked 
nervous  excitability. 

Unfortunately  the  results  of  many  physiologic  experiments  are  not  suffi- 
ciently well  defined  to  satisfy  the  critic,  and  Asher's  work  was  not  widely 
accepted  by  physiologists. 
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Some  years  later  Cannon^-  -  and  his  pupils  at  Harvard  produced  apparently 
direct  evidence  for  the  existence  of  secretory  nerves  to  the  thyroid.  One  method 
they  employed  for  showing  a  nervous  mechanism  in  thyroid  excretion  in  cats 
consisted  in  fusing  the  anterior  root  of  the  phrenic  nerve  with  the  cervical  sym- 
pathetic, and  noting  its  effect  on  the  thyroid  function.  These  workers  state  that 
symptoms  resembling  those  of  Graves'  disease  in  man  developed.  There  were 
marked  tachycardia,  loose  movements  of  the  bowels  and  falling  of  the  hair.  The 
animals  were  unusually  excitable.  The  basal  metabolism  was  very  markedly 
increased.  The  pupil  was  larger  on  the  operated  side,  and  in  one  of  the  animals 
exophthalmus  and  respiratory  hippus  developed  on  the  operated  side.  They  found 
that  in  one  animal  the  removal  of  one  of  the  glands  stopped  the  progress  of  the 
disease,  and  the  cat  lived  for  seven  months,  when  it  was  purposely  killed.  The 
other  animals  lived  less  than  three  months  after  the  onset  of  the  symptoms. 

Troell'"  and  Burget*  have  repeated  the  experiments  of  Cannon  with  negative 
results,  and  Marine,  Rogoiif,  and  Stewart^  have  just  published  the  results  of  ex- 
periments on  ten  cats  in  which  the  operation  made  by  Cannon  was  repeated. 
These  observers  failed  to  obtain  the  results  reported  by  Cannon  and  his  pupils 
in  any  of  their  series  of  experiments.  In  animals  where  there  can  be  no  doubt 
that  the  anastomosis  was  successful,  they  failed  to  find  any  evidence  of  impulses 
coming  from  the  respiratory  center  as  shown  by  a  rhythmic  change  of  the  iris 
synchronous  with  the  respiration.  Exophthalmus  and  loss  of  weight  were  not 
present,  nor  was  there  any  evidence  of  thyroid  enlargement. 

Such  contrary  results  coming  from  men  of  recognized  research  ability  are 
hard  to  understand.  A  significant  and  important  clinical  observation,  bearing  on 
the'  relationship  of  nerve  strain  and  the  incidence  of  Graves'  disease  was  reported 
to  the  editor  by  Hoover,  late  Major  in  the  United  States  Medical  Reserve  Corps. 
He  states  that,  so  far  as  he  observed  and  could  ascertain,  while  on  duty  in  France, 
no  cases  of  Graves'  disease  were  found  among  the  soldiers  which  could  be  at- 
tributable to  the  strain  of  the  life  incident  to  active  warfare.  Certainly  if 
Graves'  disease  is  the  result  of  nerve  strain,  as  some  claim,  it  should  be  present 
in  a  large  number  of  cases  at  the  fighting  front. 
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Volunteer  Medical  Service  Corps 

TT'OR  tlie  purpose  of  comi)leting  the  mobilization  of  tlu-  (.'iilire  medical  and 
■*-  surgical  resources  of  the  countrv.  the  Council  of  Xalion.il  Defense  has  au- 
thorized and  directed  the  organization  of  a  "Volunti-er  Medical  v^er\ice  Cor])S," 
which  is  aimed  to  en]i>l  in  the  general  war  winning  ])n)gram  all  re|)Utablc  l)hy- 
sicians  and  surgeons  who  are  not  eligible  to  membership  in  the  Medical  ( )nicers' 
Reserve  Corps. 
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It  has  been  recognized  always  that  the  medical  profession  is  made  up  of 
men  whose  patriotism  is  unquestioned  and  who  are  eager  to  serve  their  countr)' 
in  every  way.  Slight  physical  infirmities  or  the  fact  that  one  is  beyond  the  age 
limit,  fifty-five  years,  or  the  fact  that  one  is  needed  for  essential  public  or  institu- 
tional service,  while  precluding  active  work  in  camp  or  field  or  hospital  in  the 
war  zone,  should  not  prevent  these  patriotic  physicians  from  close  relation  with 
government  needs  at  this  time. 

It  was  in  Philadelphia  that  the  idea  of  such  an  organization  was  first  put 
forward,  Dr.  \\'illiam  Duffield  Robinson  having  initiated  the  movement  result- 
ing in  the  formation  last  summer  of  the  Senior  Military  Medical  Association 
with  Dr.  W.  W.  Keen  as  president — a  society  which  now  has  271  members. 

Through  the  Committee  on  States  Activities  of  the  General  Medical  Board 
the  matter  of  forming  such  a  nationwide  organization  was  taken  up  last  October 
in  Chicago  at  a  meeting  attended  by  delegates  from  forty-six  states  and  the  Dis- 
trict of  Columbia.  This  Committee,  of  which  Dr.  Edward  Martin  and  Dr.  John 
D.  McLean — both  Philadelphians — are  respectively  chairman  and  secretar}-, 
unanimously  endorsed  the  project.  A  smaller  committee,  with  Dr.  Edward  P. 
Davis,  of  Philadelphia,  as  chairman,  was  appointed  to  draft  conditions  of  mem- 
bership, the  General  Medical  Board  unanimously  endorsed  the  Committee's  re- 
port, the  Executive  Committee — including  Surgeons-General  Gorgas  of  the  Army, 
Braisted  of  the  Navy,  and  Blue  of  the  Public  Health  Service — heartily  approved 
and  passed  it  to  the  Council  of  National  Defense  for  final  action,  and  the  ma- 
chinery of  the  new  body  has  been  started  by  the  sending  of  a  letter  to  the  state 
and  county  committees  urging  interest  and  the  enrollment  of  eligible  physicians. 

It  is  intended  that  this  new  corps  shall  be  an  instrument  able  directly  to  meet 
such  civil  and  military  needs  as  are  not  already  provided  for.  The  General 
Medical  Board  holds  it  as  axiomatic  that  the  health  of  the  people  at  home  must 
be  maintained  as  efficiently  as  in  times  of  peace.  The  medical  service  in  hos- 
pitals, medical  colleges  and  laboratories  must  be  up  to  standard ;  the  demands 
incident  to  examination  of  drafted  soldiers,  including  the  reclamation  of  men 
rejected  because  of  comparatively  slight  physical  defects;  the  need  of  conserv- 
ing the  health  of  the  families  and  dependents  of  enlisted  men  and  the  preserva- 
tion of  sanitary  conditions — all  these  needs  must  be  fully  met  in  time  of  war  as 
in  time  of  peace.  They  must  be  met  in  spite  of  the  great  and  unusual  depletion 
of  medical  talent  due  to  the  demands  of  field  and  hospital  service. 

In  fact,  and  in  view  of  the  prospective  losses  in  men  with  which  every  com- 
munity is  confronted,  the  General  Medical  Board  believes  that  the  needs  at  home 
should  be  even  better  met  now  than  ever.  The  carrying  of  this  double  burden 
will  fall  heavily  upon  the  physicians,  but  the  medical  fraternity  is  confident  that 
it  will  acquit  itself  fully  in  this  regard,  its  members  accepting  the  tremendous 
responsibility  in  the  highest  spirit  of  patriotism.  It  will  mean,  doubtless,  that 
much  service  must  be  gratuitous,  but  the  medical  men  can  be  relied  upon  to  do 
their  share  of  giving  freely,  and  it  is  certain  that  inability  to  pay  a  fee  will  never 
deny  needy  persons  the  attention  required. 

It  is  proposed  that  the  services  rendered  by  the  Volunteer  Medical  Service 
Corps  shall  be  in  response  to  a  request  from  the  Surgeon-General  of  the  Army, 
the  Surgeon-General  of  the  Navy,  the  Surgeon-General  of  the  Public  Health 
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Service,  or  other  duly  authorized  departments  or  associations,  the  general  ad- 
ministration of  the  corps  to  be  vested  in  a  Central  Governing  Board,  which  is  to 
be  a  committee  of  the  General  Medical  Board  of  the  Council  of  National  Defense. 
The  State  Committee  of  the  Medical  Section  of  the  Council  of  National  Defense 
constitutes  the  governing  board  in  each  state. 

Conditions  of  membership  are  not  onerous  and  are  such  as  any  qualified 
practitioner  can  readily  meet.  It  is  proposed  that  physicians  intending  to  join 
shall  apply  by  letter  to  the  Secretary  of  the  Central  Governing  Board,  who  will 
send  the  applicant  a  printed  form,  the  filling  out  of  which  will  permit  ready 
classification  according  to  training  and  experience.  The  name  and  data  of  ap- 
plicants will  be  submitted  to  an  Executive  Committee  of  the  State  Governing 
Board,  and  the  final  acceptance  to  membership  will  be  by  the  national  governing 
body.     An  appropriate  button  or  badge  is  to  be  adopted  as  official  insignia. 

The  General  Medical  Board  of  the  Council  of  National  Defense  is  con- 
fident that  there  will  be  ready  response  from  the  physicians  of  the  country. 
The  Executive  Committee  of  the  General  Medical  Board  comprises :  Dr.  Frank- 
lin Martin,  Chairman ;  Dr.  F.  F.  Simpson,  Vice-chairman ;  Dr.  William  F. 
Snow,  Secretary;  Surgeon-General  Gorgas,  U.  S.  A.;  Surgeon-General  Braisted, 
U.  S.  Navy;  Surgeon-General  Rupert  Blue,  Public  Health  Service;  Dr.  Cary 
T.  Grayson ;  Dr.  Charles  H.  Mayo ;  Dr.  Victor  C.  Vaughan ;  Dr.  W'illiam  H. 
AA'elch. 


Immunity  to  Tuberculosis 

^^/^NLY  a  tuberculous  animal  is  immune  to  tuberculosis."  This  statement 
Vy  which  would  appear  a  paradox  is  yet  true.  It  has  been  proved  that 
one  tubercle  focus  within  an  animal  renders  that  animal  immune  to  moderate 
reinfection  from  without.  Should  the  focus  be  completely  removed,  this  com- 
parative immunity  is  also  completely  removed. 

The  animal  with  a  focus  of  tuberculosis  can  in  time,  however,  be  over- 
v/helmed  by  bacilli  escaping  from  such  an  area  should  the  encapsulation  yield 
to  destructive  influence  from  within  and  at  times  probably  to  forces  from 
without. 

A  safely  encapsulated  tulierculous  focus  is  ])rol)ab]y  present  in  the  Ixxlics 
of  most  human  beings.  Such  safe  infection,  the  result  of  accident  and  of 
bodily  resistance,  protects  the  majority  of  mankind  against  active  disease,  yet 
Nature,  in  accomplishing  such  infection,  and  "vaccination"  in  the  many,  de- 
stroys a  large  numlier  of  our  race.  The  exidencc  of  autopsies  corroborates 
what  is  learned  through  tuberculin  tests  that  large  numliers  of  people  contain 
in  their  bodies  such  foci  of  tubercles.  In  possibly  a  majority  of  cases  these 
foci  arc  best  found  in  lymph  nodes,  and  often  manv  of  the  luborclo  bacilli  found 
in  these  nodes  prove  to  be  dead. 

Success  in  medical  investigation  is  usual]}'  attained  by  imitating  as  closely 
as  possible  the  processes  of  Nature.  We  triumi»]i  o\-er  diplillu'ria  Iiv  adding  to 
Nature's  efforts  quantities  of  antitoxin.  We  can  easil)-  concci\e  that  Pasteur's 
employment  of  attenuated  vaccines,   the   employment   ol'   dead   bacteria    so  sue- 
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cessful  in  typhoid  immunization,  some  of  the  accidents  of  bacterial  dosage,  may 
be  now  and  then  Nature's  methods.  Can  we  imitate  Nature  at  her  best  in  the 
production  of  a  focus  of  tubercles  in  an  animal,  without  the  danger  of  follow- 
ing her  at  her  worst — the  destruction  of  the  animal  through  tuberculosis? 

A  step  in  such  a  direction  is  possibly  suggested  in  experiments,  referred 
lo  by  Krause^  as  simple  and  ingenious,  a  preliminaiy  report  of  which  has  re- 
cently been  published  by  Webb,  Ryder,  and  Gilbert.-  These  workers  have 
demonstrated  that  tuberculous  lymph  nodes  can  be  transplanted  into  normal 
guinea  pigs  and  that  immunity,  similar  to  that  of  a  tuberculous  animal  will 
result.  In  time,  however,  such  an  immunized  animal  was  found  to  succumb, 
through  the  escape  of  tubercle  bacilli  from  within  the  transplanted  focus.  The 
attempts  to  provoke  a  stronger  encapsulation  of  the  lymph  node  by  the  employ- 
ment of  irritants  also  lacked  success. 

The  results  of  surrounding  these  infected  lymph  glands  with  collodion,  fish 
skin,  etc.,  will  be  looked  forward  to  with  interest.  vSuch  "encapsulation"  would 
probably  allow  immune  processes  resulting  from  the  conflict  of  bacilli  and 
lymphoid  structures,  to  permeate  into  the  host,  yet  should  inhibit  easily  a  spread 
of  the  bacilli.  It  will  be  important  to  determine  the  length  of  life  of  these 
bacilli,  and  also  that  of  the  tissue  cells;  these  we  understand  are  being  investigated. 

Heymans,''  of  Belgium,  has  reported  several  times  that  some  immunity  could 
be  procured  in  animals  by  planting  within  them  tubercle  bacilli  cultures  which 
were  enclosed  in  sacks  made  of  the  marrow  membrane  of  the  reed  cane.  Such 
a  procedure  of  culture  in  vivo  was  first  suggested  by  Metchnikoff.  Heymans 
employed  broth,  exudates,  and  in  some  series,  polymorphonuclear  exudates  for 
the  culture  media  in  these  sacks.  In  general  the  bacilli  were  found  to  increase 
and  multiply.  Such  sacks  suspended  in  tubes  of  broth  media  were  found  to 
transmit  tuberculin  qualities  to  this  media.  Heymans  reports  in  some  experi- 
ments little  if  any  immunity  was  produced  in  the  animals  receiving  these  sacks, 
and  again  in  other  experiments  he  reports  some  successes,  not  only  in  the  pro- 
duction of  some  immunity  to  infection,  but  also  as  a  useful  procedure  for  the 
treatment  of  infected  animals. 

Djounskowsky  is  quoted  as  stating  that  toxins  from  the  retained  bacilli 
would  diffuse  through  such  an  osmotic  membrane.  In  diphtheria  work  a  col- 
lodion membrane  is  employed  to  separate  toxins  from  antitoxins,  toxins  dif- 
fusing through  the  membrane. 

Jobling*  has  stated  that  unless  a  bacterial  organism  is  tryptogenic  a  nour- 
ishment containing  amino  acids  or  peptones  must  be  supplied.  Such  foodstuffs 
will  pass  through  a  collodion  membrane. 

That  tubercle  bacilli  enclosed  in  collodion  or  other  sacks  will  sur\Ive  many 
months  we  know  from  the  work  of  Heymans,  who  found  virulent  bacilli  after 
eight  months;  and  from  the  experiments  of  A.  S.  Griffith'^  of  the  British  Royal 
Commission  on  Tuberculosis.  This  investigator  attempted  to  change  the  human 
type  of  tubercle  bacillus  into  the  avian  type  by  placing  collodion  capsules  con- 
taining human  tubercle  bacilli  within  the  j^eritoneal  cavities  of  fowls  and  pigeons. 
The  bacilli  in  some  instances  were  found  to  be  alive  after  more  than  two  years. 

Heymans'  results  suggest  that  tuberculin  products  were  alone  diffused,  and 
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that  the  possible  sHght  immunity  demonstrated  might  be  dependent  on  these. 
Products  resulting  from  a  conflict  between  bacilli  and  cells  were  not  present. 

It  is  recognized  that  in  immunity  to  tuberculosis  we  are  dealing  with  humoral 
as  well  as  cellular  qualities.     The  mechanism  is  probably  very  complex. 

Much  and  Leschke"  employed  extracts  of  highly  immunized  animals  and  of 
tuberculous  animals.  These  extracts  were  prepared  from  different  organs  and 
even  from  whole  guinea  pigs.  Their  conclusion  was  that  the  inoculation  of  such 
extracts  failed  to  transmit  any  cellular  immunity.  Much,  the  advocate  of  par- 
tial antibodies  in  the  search  for  humoral  immunity,  states  that  even  with  this 
determined  no  end  is  reached  because  cellular  immunity  must  also  be  investigated. 

It  must  be  evident  as  the  result  of  such  vast  experimentation  in  tuberculosis 
that  the  continued  conflict  of  living  bacillus  and  of  living  cell  produces  some 
product  essential  to  the  production  of  immunity. 

The  transplantation  of  a  tuberculous  lymph  node  or  a  piece  of  tuberculous 
liver  is  a  new  idea  in  experimental  work  for  the  production  of  immunity  and 
opens  up  large  possibilities  for  investigations. 

Can  the  vital  conflict,  represented  in  such  a  transplant,  be  kept  safely  iso- 
lated without  injury  to  the  transplant  and  without  injury  to  the  host,  a  method 
of  protection  against  tuberculosis  will  have  been  found. 

The  publication  of  this  preliminary  report  will  allow  many  laboratories  to 
engage  in  this  research. 

BIBLIOGRAPHY 

iKrause,  A.  K. :     Editorial,  Am.  Rev.  Tuberc,  Februarv,  1918. 

2Webb,  G.  B.,  Ryder,  C.  T.,  and  Gilbert,  G.  B.:     Ibid. 

^Heymans,  J.  F. :    Arch,  internal,  de  pharmacod.  et  de  therap.,  1905,  xiv  ;  Semaine  med.,  1907, 

p.  106;  Ibid.,  1908,  p.  119. 
*Jobling :     Personal. 

^Griffith,  A.  S. :     Royal  Commission  on  Tuberculosis,  Final  Report,  1911. 
•*AIuch  and  Leschke :     Beitr.  z.  Klin.  d.  Tuberk.,  xx,  No.  3. 

—G.  B.  ]V. 


Lymphocyte  Elements  and  Tuberculosis 

AVAST  amount  of  research  work  has  been  published  which  was  vmdcrtaken 
to  iM'ove  that  the  lymphocyte  elements  play  a  very  important  part  in  the 
defense  of  an  organism  against  the  bacillus  of  tuberculosis.  .\s  Krausc^  cor- 
rectly states,  nothing  in  this  regard  is  c()nclusi\cly  jjroved,  and  we  must  grant 
that  any  evidence  we  have  is  possibly  <)nl\-  circumstantial. 

That  any  minute  foreign  substance  may  be  taken  to  a  l\niph  node  or  be 
taken  up  perhaps  by  a  phagocyte  we  know,  )'et  when  we  witness  a  lymph  node 
arresting  a  tubercle  bacillus  or  a  polymorphonuclear  leucocyte  engulfing  a  gono- 
coccus — with  at  times  a  resulting  destruction  of  tliese  elements  and  a  triunij)!! 
for  the  infecting  organism — we  believe  that  usually  a  battle  has  been  fought. 

.\<)W,  it  is  true  that  any  tissue  of  the  body  nia\  at  times  he  attacked  by  the 
bacillus  of  tuberculosis  and  triumpli.uitlN'  defend  itsi'll'  ^mc  tissue  bettt-r  than 
another — from  such  attack. 

Much   research    work   has   pi-ovt'd    that    tlu'    l"orm;ilion   of   a   tubei'cle   in   any 
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vulnerable  tissue  is  a  defensive  mechanism  of  nature.  Of  what,  then,  is  such 
a  tubercle  composed?  It  is  composed  of  the  giant  cells,  the  so-called  epithelioid 
cells,  and  the  zone  of  lymphoid  or  mononuclear  cells. 

Whatever  tissue,  therefore,  that  defends  itself  against  the  bacillus  of  tuber- 
culosis appears  to  receive  the  help  of  the  lymphoid  cells.  Exudates  from  tuber- 
culous processes  also  characteristically  contain  lymphocytes  and  the  contents  of 
cold  abscesses  suggest  the  triumphant  bacilli  may  "enslave"  the  lymphocyte  fer- 
ments. It  is  not  necessary  to  inquire  here  into  the  origin  of  the  giant  and  epi- 
thelioid cells. 

The  mysteries  of  natural  processes  are  often  difficult  to  interpret,  yet  many 
such  processes  are  in  time  easily  and  reasonably  explained.  We  can  hardly 
conceive  that  Nature  would  send  the  lymphocyte  cell  into  what  we  regard  as 
a  possible  conflict  unless  she  needed  it  there. 

It  is  true  that  at  times,  especially  in  "immune"  animals,  a  tubercle  may  ap- 
pear to  be  formed  and  even  absorbed  without  the  presence  of  lymph  cells  being 
noted  in  corresponding  specimens.  Yet  is  it  completely  proved  that  not  even 
a  few  are  present  possibly  very  early  in  the  process?  The  qualities  discovered 
in  and  attributed  to  the  lymphocyte  cell  have  been  related  here-  before,  so  it  is 
not  necessary  to  repeat  them.  That  immunity  to  tuberculosis  is  accompanied  by 
a  marked  lymphocytosis,  or  that  lowered  resistance  is  contingent  on  lymphopenia 
are  expectations  possibly  not  proved,  yet  some  investigations  appear  to  decidedly 
support  them. 

That  important  immune  and  possibly  specific  processes  are  provided  by  the 
lymphocyte  cells  we  must  continue  to  suspect  by  virtue  of  the  constant  presence 
of  such  elements — possibly  only  as  "infantry" — in  the  conflict  of  tissues  and 
tubercle  bacilli.  The  lymph  nodes  themselves  must,  therefore,  also  be  judged 
as  defensive  as  well  as  mechanical  hindrances  to  the  development  of  tuberculosis. 

"Natura  non  facit  inutile  ant  supcrflua." 
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AN  INVESTIGATION  OF  CERTAIN  PHENOMENA  OF  ALLERGY  WITH 
SPECIAL  REFERENCE  TO  THE  RESPIRATORY  AND  CIRCULA- 
TORY SYSTEMS  IN  RELATION  TO  THE  CAUSE  OF  DEATH* 


By  Mort  D.  Pelz  and  D.  E.  Jacksox,  Ph.D.,  M.D.,  St.  Louis,  Mo. 


THE  cause  of  death  in  anaphylactic  shock  has  been  supposed  to  vary  in  dif- 
ferent species  of  animals,  and  the  associated  phenomena  have  been  held  to 
be  widely  dissimilar.  In  the  sensitized  guinea  pig  a  fatal  bronchoconstriction  is 
believed  to  be  produced  by  the  provocative  injection  of  the  protein,  while  in 
dogs  most  observers  have  considered  the  cause  of  death  to  be  immediately  as- 
sociated with  the  vascular  derangement  and  weakness.  Bronchoconstriction  has 
been  thought  to  be  almost,  if  not  entirely,  absent  in  these  animals,  and  aside  from 
the  changes  in  the  vasomotor  apparatus,  pathologic  developments  in  the  liver, 
intestines,  heart,  etc.,  have  been  noted  by  Richet,^  Biedl  and  Kraus/-  Pearce  and 
Eisenbrey,^  Edmunds,*  Robinson  and  Auer,'''  Schultz,"  Weil,'  Manwaring,''  Dale,^ 
Simonds,^"  Voegtlin  and  Bernheim,^^  and  others. 

In  the  present  series  of  experiments  we  have  used  dogs  sensitized  by  throe 
injections  of  the  protein,  injected  subcutaneously  at  intervals  of  about  five 
days.  At  each  injection  six  to  ten  cubic  centimeters  of  the  protein  were  used, 
either  normal  horse  scrumf  or  egg  albumen  being  given  to  produce  the  sensitiza- 
tion. After  twenty-one  or  more  days  the  animals  were  etherized,  pithed,  and 
prepared  for  recording  carotid  blood  ])ressure.  Then  arrangements  were  made 
for  recording  the  contractions  or  relaxations  of  tlic  bronchioles  by  a  method 
which  was  described  in  detail  by  one  of  us  (1).  E.  j.)'-  some  years  ago.  I'or 
this  latter  purpose  the  s]>ecial  piece  of  apparatus  devised,  when  fitted   into  the 

•From    the    Dc-partmint    of    I'harniacology    of   WasliinKtmi    I'nivii  sity    Midioal    S'.lii.nl.    St.    l.cmi.s.    -Mu. 

A  jireliminary  report  of  this  work  was  given  iK-fiiie  the  .Xiiieiie.ui  rh.inii.ucih.Kical  Society  on 
Dec.    29,    1917,    at    Minneapolis,    Minn. 

tWe  have  used  normal  horse  sernni  with  |ireservative  snhl  l.y  I'arke.  Davis  \  Co.  I'resunialily 
the   preservative    is   tricresol. 
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thorax  through  a  median  incision  in  the  sterum,  holds  the  chest  wall  rigidly  dis- 
tended, and  keeps  the  chest  cavity  practically  air-tight.  The  thoracic  cavity  is 
thus  shut  off  from  the  external  air  except  by  communication  through  two  tubes, 
one  of  which  serves  as  an  adjustable  by-pass  and  permits  air  to  enter  the  chest, 
while  through  the  other,  air  is  intermittently  aspirated  from  the  thorax.  Inspira- 
tion occurs  by  air  entering  the  lungs  through  the  trachea  during  the  forcible 
aspirations.  Between  aspirations  the  lungs  collapse  from  their  own  elasticity 
(expiration)  or  by  a  contraction  of  the  bronchioles.  The  pressure  and  rate  of 
aspiration  are  kept  constant  and  regular,  about  thirty  per  minute.  The  amount 
of  air  entering  or  leaving  the  lungs  is  recorded  by  means  of  a  tambour  connected 
with  the  side  tube  of  the  tracheal  cannula,  and  writing  upon  a  smoked  drum. 
The  extent  of  the  down  stroke  of  the  writing  lever  indicates  the  relative  amount 
of  air  entering  the  lungs  in  inspiration,  the  up  stroke,  the  amount  leaving  in 
expiration.  Contraction  of  the  bronchioles  decreases  the  amount  of  air  enter- 
ing and  leaving  the  lungs,  and  thus  the  amplitude  of  the  record  on  the  drum 
is  lessened.  With  the  dilatation  of  the  bronchioles  the  amplitude  of  the  tracing 
is  increased,  because  a  relatively  larger  amount  of  air  passes  through  the  trachea 
at  each  inspiration  or  expiration. 

Usually  the  brain  and  medulla  were  destroyed  by  pithing.  For  the  provoca- 
tive or  final  injection  of  protein  quantities  varying  from  eight  up  to  seventeen 
cubic  centimeters  were  quickly  injected  into  the  external  jugular  vein  by  means 
of  a  large  syringe. 

Fig.  1  shows  the  anaphylactic  response  produced  immediately  after  the  in- 
jection of  the  antigen.  Together  with  the  marked  drop  in  blood  pressure,  there 
results  an  intense  bronchoconstriction  which  is  partially  relaxed  by  the  injection 
of  one  cubic  centimeter  of  adrenaline  (1:10000).  This  substance  frequently 
saves  the  animals  if  injected  carl\;  that  is,  before  the  bronchial  spasm  has 
reached  its  greatest  intensity.  After  the  spasm  is  thoroughly  developed,  no  drug 
.so  far  tried  will  cause  dilatation  of  the  bronchioles.  Forcibly  dilating  the  lungs 
for  several  respiratory  cycles,  does  not  cause  the  lungs  to  remain  relaxed  when 
the  original  aspiration  pressure  is  resumed,  as  would  occur  after  almost  any  of 
the  bronchoconstricting  drugs.  This  shows  how  firmly  the  bronchioles  are  con- 
stricted. After  the  anaphylactic  shock  is  well  advanced  and  the  asphyxia  has 
become  intense,  adrenaline  is  no  longer,  or  only  feebly,  active.  A\'e  do  not  believe 
as  Simonds  has  suggested  that  the  decreased  activity  of  adrenaline  during  the 
deepest  part  of  the  anaphylactic  shock  may  be  due  to  some  specific  change  in 
the  irritability  of  the  vasomotor  ganglia  or  medullary  centers.  We  however, 
have  supposed  this  decreased  response  to  adrenaline  to  be  due  to  the  extreme 
grade  of  asphyxia  present,  and  not  to  any  specific  action  of  the  anaphylactic 
process,  for  practically  the  same  bronchoconstricting  phenomenon  is  seen  after 
injections  of  a  number  of  the  opium  alkaloids,  and  in  the  latter  case  adrenaline 
behaves  .similarly.  This  tracing  also  shows  the  failure  of  atropine  to  relieve  the 
constriction  of  the  bronchioles  after  the  production  of  the  shock.  Several  min- 
utes later  sodium  nitrite)  was  given  intravenously  to  this  animal,  and  it  also  failed 
to  produce  a  relaxation. 

Fig.  2  shows  the  action  produced  by  injection  of  the  protein  into  a  sensitized 
dog  which  had  received  atropine  just  prior  to  the  provocative  injection.     Enough 
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atropine  (1^  mg.)  had  been  given  to  prevent  electrical  stimulation  of  the  vagus 
nerve  from  slowing  the  heart;  yet  this  did  not  prevent  the  anaphylactic  phe- 
nomena. After  partial  reco\'ery  from  the  shock  this  dog  received  five  cubic 
centimeters  of  codeine,  and  a  typical  normal   response   for  this  drug  was  ob- 
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tamed  (Fig.  3).  As  mentioned  before,  tlie  riclidn  of  (■(uKmiu-,  heroine,  elc,  in 
dogs  more  closely  resembles  the  anripliylarlic  i.brnimu'n.i  ihan  ;in\  substances 
with    which    wc   are   ac(|iiainlcd.      This   similarity   apiihcs    [n   both    the   broiicliial 
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Fig. 


and  blood  pressure  chan-es.  Another  point  of  similarity  is  that  the  action  of 
the  opium  alkaloids  in  full  doses  is  usually  maximal,  and  after  the  animal  re- 
covers another  typical  response  from  the  same  substance  can  not  be  produced. 
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This  resembles  the  maximal  and  single  response  produced  by  proteins  injected 
into  sensitized  animals. 

Again  in  the  same  dog  after  partial  recovery  ergamine  (histamine)  was 
given,  which  is  shown  to  be  active  to  practically  its  normal  extent  (Fig.  4). 
This  drug  has  been  thought  by  some  observers  to  be  similar  (if  not  identical) 
to  the  substance  liberated  in  the  body  during  the  anaphylactic  shock  and  which 
produces  the  marked  effects  that  occur.  This  is  hardly  probable  when  we  con- 
sider that  with  a  maximal  dose  anaphylaxis  occurs  but  once,  while  the  action  of 
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ergamine  can  be  rej^eated  several  times,  .-tnd  e\cn  after  partial  rccoverv  from  tlio 
•ma])Iiylactic  shock  itself. 

hig.  5  shows  tJK'  fatal  broiichoconsti-iction  in  a  well  sensitized  dog  ui>on  thi' 
Hijection  of  horse  serum.  Adrenaline  apparently  given  fairly  earlv  afti'r  the 
I'roduction  of  the  reaction  could  not  cause  recovery;  due  probablv  to  the  extreme 
grade  of  asphyxia  already  prodund.  The  profound  n-sponsi-  in  this  animal  was 
obtained  after  injections  of  pituitriii,  .-ind  it  is  therefore  ai)pai-enl  tli;it  there  is 
no  decreased  susceptibility  of  a  sensiii/i'd  dog  after  injections  of  this  substance. 

Tn  I'ig.  ()  is  sliown  an  <'^])eciail\    marked   response  in  an  animal   which   was 
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sensitized  to  egg  albumen.  The  bronchioles  constricted  so  tightly  and  held  on 
with  such  great  tenacity  that  in  a  short  time  a  fatal  asphyxia  was  produced,  and 
the  production  of  bronchial  relaxation  by  the  administration  of  drugs  was  im- 

^°''The  experiments  of  Manwaring,^  Voegtlin  and  Bernheim,-  Deneke,-  and 
more  recently  of  Richard  WeiP  have  pointed  towards  the  liver  as  essential  to 
the  vasomotor  depressions  and  other  changes  which  they  have  recognized  as 
occurring  in  anaphylactic  shock.     In  support  of  this  view  Weil  found  that  the 
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isolated  liver  of  a  sensitized  dog  when  perfused  with  blood  containing  antigenic 
substance  causes  the  blood  to  pass  out  of  the  organ  with  its  coagulability  either 
diminished  or  absent,  while  injection  of  antigen  into  one  branch  of  the  porta 
vein  produced  certain  symptoms  of  shock  and  a  profound  congestion  of  that 
part  of  the  liver  supplied  by  the  vein  injected.  Manwanng's  results  were  ob- 
tained bv  means  of  side-tracking  the  portal  blood  by  connecting  the  portal  and 
external' jugular  veins  and  permitting  the  portal  blood  to  flow  directly  to  the 
heart,  hirudin  being  used  to  prevent  coagulation.  Voegtlin  and  Bernheim  made 
use  of  animals  with  an  Eck  fistula  and  combined  this  with  ligation  of  the  portal 
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vein  near  the  hilus  of  the  Hver,  the  hepatic  artery  being  temporarily  clamped  off. 
Both  Manvvaring,  and  Voegtlin  and  Bernheim  in  the  animals  which  they  so 
prepared,  observed  no  symptoms  of  anaphylactic  phenomena,  and  have  accord- 
ingly considered  the  reactions  of  anaphylactic  shock  to  be  dependent  on  the  liver, 
and  not  to  occur  without  its  activitv. 


J-ig.    5. 


In  our  experiments  we  were  able  lo  obtain  ibc  l\pical  anapli\  lactic  reaction 
without  the  liver  and  also  without  the  aid  ot  aii\  ^tructun•^  below  the  diaphragm. 
This  was  accomplished  by  clamping  above  the  diaphragm   the   vessels  carrying 
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blood  to  and  from  the  abdomen.  The  dogs  were  prepared  as  described  above, 
and  through  the  open  chest  was  introduced  a  stout  string  threaded  on  two  large 
needles.    At  a  distance  of  about  two  centimeters  laterally  from  each  side  of  the 
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vertebral  column  and  about  fi\e  centimeters  above  the  diaphragm  the  needles 
were  pushed  through  intercostal  spaces  in  the  posterior  chest  wall  to  the  exterior. 
They  were  then  passed  through  holes  in  the  dog  board  just  beneath  their  point 
of  exit  from  the  chest.  By  drawing  on  the  two  ends  of  the  string  below  the 
dog  board  and  then  clamping  them,  the  aorta  and  azygos  veins  could  be  tightly 


l••l^:. 


pr(.-.s>c(l  against  llu;  xcrlebral  column,  and  in  this  manner  occhKk'd.  Thr  inferior 
vena  cava  was  ligated  just  aboxc  the  diaphragm.  The  nianimai-\  artei-ies  and 
vems  were  ligated  when  the  chest  was  openi'd.  Tluis  was  eiiculatory  eonimnm- 
cation  with  the  abdomen  C()mi)letely  stopped.  This  was  M-rilied  by  section  ol'  the 
femoral  arteries.     Then  proceeding  as  in  the  experiments  above  described  we  in- 
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jected  the  antigen  into  the  external  jugular  vein,  and  obtained  a  profound  bron- 
choconstriction  and  a  typical  fall  in  blood  pressure  as  usual  (Fig.  7).  Evidently 
the  liver  or  intestines  had  nothing  to  do  with  these  reactions  which  occurred 
exactly  as  in  the  intact  animal. 

In  all  of  our  experiments,  in  addition  to  obtaining  the  graphic  record  of 
the  bronchial  constriction  we  were  able  in  looking  through  the  window  of  the 
apparatus  in  the  chest  wall  to  observe  the  contraction  and  shrinkage  of  the 
lungs  to  about  one-third  their  previous  size,  upon  injection  of  the  antigen. 
Apparently  a  very  marked  bronchoconstriction  occurs  in  every  case  if  the  dog 
has  been  thoroughly  sensitized.  The  criterion  by  which  we  have  assumed  the 
presence  or  absence  of  sensitization  is  the  same  as  that  used  by  preceding  ob- 
servers,^ namely  the  fall  in  blood  pressure. 

We  have  as  yet  had  no  opportunity  to  study  the  split  protein  products  of 
Vaughan,^*  which,  as  the  splendid  experimental  work  of  Edmunds*  has  indi- 
cated, will  at  some  future  time,  probably  yield  further  interesting  results  along 
the  lines  indicated  above. 

CONCLUSIONS 

1.  From  the  experimental  evidence  at  hand  we  may  be  certain  that  upon 
the  injection  of  the  antigen  in  highly  sensitized  spinal  dogs,  the  asphyxia  pro- 
duced by  the  acute  bronchial  constriction  may  readily  be  the  cause  of  death,  and 
that  the  phenomenon  occurs  with  the  liver  and  other  abdominal  viscera  wholly 
removed  from  the  circulation. 

2.  The  phenomena  occur  in  those  dogs  sensitized  to  egg  white  equally  as 
well  as  in  those  sensitized  to  normal  horse  serum. 

3.  The  bronchial  and  blood  pressure  changes  produced  in  acute  anaphylactic 
shock  bear  a  striking  and  almost  complete  resemblance  to  those  produced  by 
certain  opium  alkaloids,  such  as  codeine,  heroine,  peronine,  etc. 

4.  For  producing  relaxation  of  the  bronchioles,  and  aiding  in  recovery  in 
acute  anaphylactic  shock,  adrenaline  is  the  most  dependable  substance,  but  to 
produce  the  best  effects  the  drug  must  be  injected  early,  before  the  broncho- 
constriction has  had  time  to  become  too  intense. 
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STUDIES  ON  IMMUNITY  WITH  SPECIAL  REFERENCE  TO 
COMPLEMENT  FIXATION* 


By  Alfred  Blumberg,  Salt  Lake  City,  Utah. 


THE  great  assistance  rendered  by  the  complement-fixation  method  in  establish- 
ing a  correct  diagnosis  has  made  this  test  one  of  extraordinary  importance. 
Its  general  use  in  the  detection  of  various  diseases,  and  in  proper  dififerential 
diagnosis,  has  lead  to  its  study  by  many  investigators.  Their  reports  have  had 
a  tendency  to  confirm  the  correctness  of  the  Bordet-Gengou  method,  which  was 
first  applied  by  Bordet  and  Gengou  in  the  investigation  of  the  B.  typhosus,  the 
B.  coli  communis,  the  micrococcus  intracellularis  meningitidis,  the  B.  pertussis, 
the  B.  anthracis  and  the  B.  tuberculosis.  These  tests  were  conducted  to  prove 
the  correctness  of  the  first  findings,  but  the  actual  investigation  of  the  possi- 
bilities of  diagnosing  pathologic  conditions  was  conducted  by  Bordet,  Gengou 
and  others — Bordet-Gengou,^  pertussis;  Widal-LeSourd,-  typhoid;  Foix,  mal- 
lein,-^  scarlatina ;  Schleissner,  scarlatina." 

It  is  not  important  to  cite  a  historical  outline  of  further  experimental  work, 
in  that  the  results  are  well  known,  not  only  in  serologic  laboratories,  but  also 
to  the  physician  and  veterinarian.  Both  professions  appreciate  the  value  of  the 
test.  One  has  but  to  look  over  the  conditions — syphilis,  gonorrhea,  glanders,  in- 
fectious abortion  in  cattle,  pertussis,  dourine,  and  tuberculosis — to  understand 
the  enthusiasm  which  the  practical  application  of  the  modified  complement-fixa- 
tion method  aroused.  To  these  conditions  we  may  add  the  test  used  for  the 
identification  of  blood  and  meat-food  in  medicolegal  cases.  Although  the  man- 
ner of  conducting  the  various  tests  is  analogous,  there  is  a  difiference  in  methods 
which  enables  the  laboratory  worker  to  draw  his  own  conclusion  as  to  the  pres- 
ence or  absence  of  a  certain  disease.  This  difiference  lies  exclusively  in  one  of 
the   reagents — the   antigen. 

In  considering  the  antigen,  it  is  not  necessary  to  go  into  familiar  theoretic 
details,  but  a  few  words  about  certain  features  interesting  enough  to  be  specially 
mentioned,  are  not  out  of  place.  Syphilis,  gonorrhea,  glanders,  infectious  abor- 
tion in  cattle,  pertussis,  dourine,  and  tuberculosis  can  be  diagnosed  by  the  use 
of  a  difl^erent  antigen  for  each  disease.  There  are  three  specific  groups  of 
antigens : 

Group  A  is  composed  of  antigens  which  contain  the  specific  organisms  of  a 
certain  disease.  These  organisms  are  emulsified  in  saline,  or  the  autolysate  of  the 
organisms  is  used. 

Croup  B  consists  of  an  antigen  which  is  essentially  the  liciuid  culture  of  a 
specific  organism,  and 

Group  C  contains  antigens  which  are  tlie  watery  or  alcoholic  extracts  of 
tissues. 

In   the   diagnosis   of   gonovrlica,   i)ertussis,    glanders,    infectious    abortion    in 
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cattle,  and  dourine,  antigens  belonging  to  the  first  group  are  used.  It  is  very  inter- 
esting to  note  that  these  conditions  are  accompanied  by  a  polymorphonuclear  leuco- 
cytosis,  or  at  least  by  a  local  pus  condition.  Dourine,  in  which  there  may  be 
a  lymphocytosis  present,  is,  perhaps,  an  exception.  Since  the  antigens  already 
contain  the  etiologic  factor  of  the  respective  diseases,  they  are  specific  antigens. 
Certain  authors  are  inclined  to  consider  the  possibility  of  conducting  successful 
complement-fixation  by  emulsifying  the  tubercle  bacilli,  and  using  the  emul- 
sion as  an  antigen  in  the  detection  of  tuberculosis.  Claims  as  to  the  results  ob- 
tained are  surprisingly  optimistic,  but  can  not  be  confirmed  in  certain  instances. 
A  lymphocytosis  is  usually  present  in  tuberculosis. 

There  is  but  one  antigen  belonging  to  Group  B  in  use.  namely,  the  liquid 
egg  medium  tuberculosis  culture  of  Besredka.*  This  antigen  is  considered  to  be 
specific,  and  will  be  referred  to  later  in  this  study. 

There  is  only  one  antigen  of  Group  C  deserving  special  mention — the  an- 
tigen for  syphilis,  which  was  at  first  considered  a  true  one,  as  it  was  prepared 
from  an  organ  containing  the  etiologic  factor  of  the  disease.  It  was  soon  found, 
however,  that  it  was  the  lipoid  material,  and  not  the  treponema  pallidum,  which 
was  responsible  for  the  reaction.     Syphilis  is  accompanied  by  a  lymphocytosis. 

Although  complement  fixations  are  classified  in  three  groups,  there  is  a 
fourth  group — that  of  complement  fixation  without  the  presence  of  any  antigen. 

In  considering  a  special  antigen,  the  one  for  the  complement  fixation  of  tuber- 
culosis has  been  selected.  Some  investigators  make  use  of  bacterial  emulsions 
for  antigenic  purposes  only,  the  foremost  advocates  in  this  direction  being  Zins- 
ser and  Miller,^  who  conducted  their  tests  with  an  emulsion  containing  tubercle 
bacilli  suspended  in  hypotonic  salt  solution.  Eichhorn  and  Blumberg*'  could  not 
substantiate  the  findings  of  Zinsser  and  Miller.  The  test  conducted  by  Eichhorn 
and  Blumberg  dealt  with  sera  derived  from  cattle ;  it  was,  therefore,  necessary  to 
conduct  tests  with  sera  of  human  origin.  Altogether  sixty  sera  were  used  for  this 
purpose,  the  findings  of  which  are  found  in  Table  I.  The  apparent  objection 
was  that  the  antigenic  and  the  anticomplementary  titers  were  too  close.  One 
other  bacterial  emulsion  antigen  has  been  in  use  in  connection  with  comparative 
work  conducted  with  the  antigen  of  Zinsser  and  Miller.  This  bacterial  emul- 
sion (known  as  Friedmann's  vaccine)  contained  the  ichtyc  type  of  the  tubercle 
bacilli,  but  the  results  showed  too  many  positives  (See  Table  I).  In  establishing 
the  diagnostic  possibilities  of  a  disease  in  which  there  is  a  lymphocytosis,  these 
antigens  were  used  to  represent  antigens  of  the  first  group,  w^hich  were  con- 
trolled by  antigens  of  the  second  group.  The  latter  antigen  was  that  recom- 
mended by  Besredka''' — the  liquid  egg  medium  antigen,  the  preparation  was  the 
one  modified  by  Eichhorn  and  Blumberg.'^ 

It  was  found  that  the  liquid  culture  when  freed  from  the  tubercle  bacilli 
by  means  of  Berkefeld  filtration,  did  not  present  satisfactory  antigenic  properties. 
It  is  absolutely  necessary  to  heat  the  culture  before  filtering  it,  but  the  heat  ap- 
plied is  not  enough  to  destroy  any  component  properties  of  the  antigen.  It 
seems  that  the  heat  aids  not  only  in  the  extraction  of  the  organisms,  but  in  the 
fine  distribution  of  the  fat.  It  must  be  remembered  that  since  there  is  lipoid 
material  present  in  the  antigen,  it  may,  in  a  luetic  condition,  have  a  tendency  to 
give  positive  reactions.     Bronfenbrenner^  was  perhaps  one  of  the  first  in  this 
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country  to  observe  and  study  this  phase  of  Besredka's  antigen.  There  is,  how- 
ever, a  possibiHty  of  overcoming  a  nonspecific  reaction.  The  first  step  is  to 
conduct  a  Wassermann  test  in  every  case  where  a  positive  reaction  has  been 
found;  if  the  Wassermann  test  is  also  positive,  the  test  for  tuberculosis  is  re- 
peated as  before,  except  that  three  units  of  complement  are  used.  With  a  few 
exceptions  a  modification  of  this  type  gives  the  desired  results ;  negative  reac- 
tions are  obtained  with  nontuberculous  sera  derived  from  syphilitic  individuals, 
and  if  positives  are  obtained  in  doubtful  tuberculous  cases,  the  reaction  is  con- 
sidered positive  for  tuberculosis.  This  antigen  has  the  advantage  of  being  stable 
when  ordinary  precautions  are  taken.  The  following  table  gives  the  results 
obtained : 

Table  I 

Summary  or  the  Tests  on  Human  Sera  Conducted  with  Various  Antigens  for 

Comparative  Purpose 


CONDITION 


antigens 


TOTAL 


1.  Apparently  healthy 


2.  Clinical  symptoms 
suspicious 


3.  CHnical  symptoms 
moderate 


4.  CHnical  symptoms 

progressive 

5.  Clinical  symptoms 

severe 


Miller  and 
Friedmann 
Liquid  egg 

Miller  and 
Friedmann 
Liquid  egg 

Miller  and 
Friedmann 
Liquid  egg 

Miller  and 
Friedmann 
Liquid  egg 

Aliller  and 
Friedmann 
Liquid  egg 


Zinsser 

medium 
Zinsser 

medium 
Zinsser 

medium 
Zinsser 

medium 
Zinsser 

medium 


5 
11 

5 

3 

7 
4 


16 
10 

79 


26 


13 


60 


Although  Craig^  reported  impressive  results,  experiments  were  not  con- 
ducted with  his  antigen,  because  in  private  communication, ^°  he  stated  that  the 
antigen  prepared  by  him  was  so  unstable  that  it  was  impossible  to  preserve  it  for 
more  than  a  few  hours,  even  though  the  utmost  precautions  were  taken.  To 
prepare  a  reagent  identical  to  the  one  described  by  Craig  was  considered  too 
difficult,  and  the  experimental  work  in  this  direction  had  to  be  given  up.  Craig 
has  recently  adopted  a  modification  of  liis  antigen  and  ]Hil)lisliO(l  the  results  of 
his  experiments  on  the  subject.'^ 

Other  experiments  were  conducted  in  connection  with  those  on  complement 
fixation  of  tuberculosis,  to  deterniine  the  possibilities  of  diagnostic  aids.  Sza- 
boky^-  stated  that  there  were  moments  in  the  phase  of  the  disease  when  agglu- 
tinations were  demonstrable.  Forty  sera  were  tcsterl  with  liacterial  emulsions 
of  the  Zinsser^Miller  and  I''ri(.'(lni;nin  types  without  ik  ilict'.ililc  reactions.  Tn 
some  instances  the  Friedmann  \aecine  ])resented  a  slight  ihiniping,  but  of  insufti- 
cient  value  to  make  it  practical  for  diagnostic  purposes. 

The  demonstration   of   ])recipilins    was   conducted    with    three   different    re- 
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agents:  (1)  The  supernatant  fluid  of  the  Zinsser-Miller  antigen,  obtained  by 
centrifugalizing  the  antigen;  (2)  the  supernatant  fluid  of  Friedmann's  vaccine, 
obtained  by  centrifugahzing  the  vaccine;  and  (3)  pseudoglobulins  prepared  from 
the  serum  of  tuberculous  cattle.  The  first  two  reagents  were  negative  and  conse- 
quently valueless,  the  practical  value  of  the  third  is  very  limited.  Forty  sera 
were  tested  for  precipitins ;  the  Friedmann  organism  extract  showed  a  fine 
ring  not  always  of  the  same  intensity. 

The  conglutination  test  was  applied  experimentally  by  Strengs^^  in  the  diag- 
nosis for  syphilis,  and  was  first  conducted  in  this  country  by  Wehrbein^*  for 
the  diagnosis  of  dourine.  This  method  was  used  by  the  writer  in  detecting 
its  practical  value  as  related  to  tuberculosis.  Altogether  twelve  sera  were  used 
for  standardizing  purposes ;  the  practical  value  of  this  test  in  the  diagnosis  of 
tuberculosis  was  absolutely  unsatisfactory.  The  accompanying  tables  show  the 
methods  of  standardization : 

Table  II 
Titration  of  Antigen 


NO.  OE  TUBE 

SALT  SOLUTION 

COMPLEMENT 

SERUM 

ANTIGEN 

1 

T.  B.  serum 

0.1 

0.025 

2 

0.1 

0.05 

3 

Sufficient 

As 

0.1 

0.1 

4 

0.1 

0.15 

5 

quantity 

determined 

0.1 

0.2 

6 

0.1 

0.25 

7 

to 

by 

0.1 

0.3 

8 

0.1 

0.35 

9 

make  1  c.c. 

titration 

0.1 

0.4 

10 

0.1 

11 

Normal  S. 

0.1 

0.10 

12 

0.1 

0.20 

13 

0.1 

0.30 

14 

0.1 

0.40 

15 

0.1 

After 

one 

hour  at  37°  C.  add 

ox 

serum  and  emulsion  of  sheep  blood. 

The  result 

is 

read  after  three 

hou 

rs  at  37°  C. 

Table  III 
Titration  of  Ox  Serum 


NO.  OF  TUBE 

SALT  SOLUTION 

FRESH  HORSE  serum 

INACTIVATED  OX  SERUM 

SHEEP 

COMPLEMENT 

TITRATED  1  :10 

EMULSION  5% 

1 

0.75 

0.1 

0.15 

0.1 

2 

0.8 

0.1 

0.1 

0.1 

3 

0.15 

0.1 

0.075  =  0.75 

0.1 

4 

0.4 

0.1 

0.05   =0.5 

0.1 

5 

0.65 

0.1 

0.025  =  0.25 

0.1 

6 

0.8 

0.1 

0.01    =0.1 

0.1 

7 

0.9 

— 

0.1 

8 

0.9 

0.1 

0.1 

9 

1.0 

0.1 

Three 

hours. 

at  37° 

C. 

Twice 

the  smallest 

amount 

giving 

complete 

con 

glutination  is  used  as 

titer. 

In  conducting  complement  fixations  for  diagnostic  purposes  with  antigens 
of  the  third  group   (essentially  of  tissue  extract  origin),  not  only  syphilis,  but 


STUDIES    ON    IMMUNITY  401 

tuberculosis  and  rabies  were  diseases  towards  which  investigators  looked  with 
interest.  Hammer^°  believed  in  the  possibilities  of  an  antigen  derived  from  tu- 
berculous organs  in  diagnosing  tuberculosis,  while  Zell/*^  using  the  extracts  of 
submaxillary  and  parotid  glands  of  rabid  dogs,  believed  that  he  could  success- 
fully demonstrate  rabies  by  means  of  complement  fixation.  That  Zell's  asser- 
tion was  incorrect  has  finally  been  settled ;  and  since  the  studies  of  Schoning^^ 
concerning  Zell's  findings  did  not  in  any  way  substantiate  his  hopes,  syphilis  is 
the  only  disease  in  which  tissue  extracts  can  be  applied  for  diagnostic  purposes. 
There  are  many  variations  in  the  preparation  of  such  extracts,  those  most  widely 
used  being  the  ones  prepared  from  the  guinea  pig,  or  beef  or  human  hearts. 
Some  are  common  alcoholic  extracts,  some  alcoholic  extracts  reinforced  with 
cholesterol,  and  others  are  the  acetone  insoluble  fractions  of  the  alcoholic  ex- 
tracts. 

There  is  much  dispute  as  to  the  comparative  values  of  the  several  antigens 
in  conducting  the  test.  Most  of  the  disputes,  however,  turn  around  the  non- 
specificity  and  inconsistency  of  the  reactions  in  certain  instances;  true  enough, 
the  antigen  is  not  specific  insofar  as  no   specific  organisms  are  present,  yet  in 

Table  IV 
Titration  op  Complement 


NO.  OF  TUBE           SALT  SOLUTION 

FRESH  HORSE  SERUM 

INACTIVATED 

SHEEP  BLOOD 

DILUTED  1  :10 

ox  SERUM 

EMULSION  5% 

1 

0.8 

0.1 

two  units 

0.1 

2 

— 

0.09  =  0.9 

.. 

0.1 

3 

0.1 

0.08  =  0.8 

"        " 

0.1 

4 

0.2 

0.07  =  0.7 

"        " 

0.1 

5 

0.3 

0.06  =  0.6 

"        " 

0,1 

6 

0.4 

0.05  =  0.5 

"        " 

0.1 

7 

0.5 

0.04  =  0.4 

"        " 

0.1 

8 

0.6 

0.03  =  0.3 

"        " 

0.1 

9 

0.7 

0.02  =  0.2 

"        " 

0.1 

10 

0.8 

0.01=0.1 

"        " 

0.1 

11 

0.9 

0.1 

— 

0.1 

12 

0.9 

— 

two  units 

0.1 

13 

0.85 

0.1 

one  unit 

0.1 

14 

1.0 

— 



0.1 

The 

result  is 

read  after 

th 

ree 

hours  at  Z7°  C. 

The 

smallest 

amount  of  horse 

serum  giving  con 

plete 

conglutination 

is  the  titei 

the  hands  of  accurate  workers,  the  test  is  of  inestimable  value.  It  is  also  true 
that  there  is  a  certain  inconsistency  in  the  test  which  expresses  itself,  not  so 
much  in  excessively  positive  reactions,  as  in  the  reverse.  Kaplan,^''  wlio  be- 
lieves in  proving  a  negative  reaction,  states  that,  when  conducting  his  tests,  he 
added  four  units  of  amboceptor  to  the  tube.  There  is  no  objection  to  this;  as 
a  matter  of  fact,  the  very  first  authors  on  the  subject  of  com])lemenl  lixation 
applied  similar  methods,^"  probably  under  the  same  impulse.  Although  such 
negative  provocative  tendencies  may  suggest  the  general  occurrence  of  exces- 
sive false  positive  Wassermann  reactions,  this  is  not  tlie  case.  Comlitions  often 
arise  where  the  Wassermann  test  presents  a  negative  reaction,  even  when  the 
patient  is  known  to  liave  had  syphilis  and  piobabl)'  still  has  it.  .\  nioi-c  \  igorous 
antigen  was  looked   for  as  a  remedy,  and  il  was  linally  agreed   that  a  cholesterol 
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reinforced  antigen  would  meet  the  requirements.  Today  no  test  is  performed 
without  a  cholesterolized  antigen  control.  It  must  be  added,  however,  that  con- 
tradiction very  often  occurs  concerning  the  reactions  which  result  from  the  use 
of  cholesterolized  and  noncholesterolized  antigens.  On  many  occasions  posi- 
tive tests  are  present  with  the  cholesterolized  antigen,  where  the  noncholes- 
terolized antigen  presents  negative  results.  Such  a  condition  would  cause  no 
alarm  if  the  cholesterolized  antigen  would  present  a  specific  and  early  reaction 
in  suspicious  cases,  unfortunately  no  considerable  number  of  early  findings  can 

Table  V 

Mammals 

Ferruginous    Tree-shrew,    Tupaia    glis  fermginca,    Singapore 0.15... 0.20 

European  Hedgehog,  Erinaceus  Btiropeus 0.15. .  .0.10 

Star-nosed    Mole.    Condylura   cristata,    Maryland 0.05 . .  .0.05 

Luzon  Hairy-tailed   Shrew,    Crocidura    luzoncnsis,   Manila 0.05... 0.15 

Murino  Hairy-tailed  Shrew,  Crocidura  murina,  Baltistan 0.05... 0.20 

Fish-eating  Bat,  Xoctilio  Icporimis,    South   America 0.05... 0.40 

Papuan  Emballonurine  Bat,  Bnibelloniira  nigrcsccns,  Papua 0.10. .  .0.20 

Blood-sucking  Bat,  Desmodus  rotundus,  Ecuador 0.05. .  .0.50 

Hoary  Bat,  Xicterus  cinercus,    New  York 0.15. .  .0.6 

Florida  Free-tailed  Bat,  Tedarida  cynocephalus,  Florida 0.10. .  .0.40 

Norway   Rat,    Rattus   norvegicxis,    Manila 0.025.  ,0.15 

Pocket  Gopher,  Geomys  bursarius,  Minnesota 0.05. .  .0.15 

Table  VI 

Birds 

Tufted   Puffin,    Ltinda    cirrhata 0.12. .  .0.80 

Kittiwake   Gull,   Rissa 0.15. .  .0.55 

Pelican,    Pelecanus    0.05. .  .0.40 

I  Oyster-catcher,  Hcematopiis  0.20. .  .0.80 

Jacana,  Jacana   0.15. .  .0.20 

Goshawk,  Astiir  Palumbarius 0.10. .  .0.20 

Osprey,  Pandion 0.025.  .0.050 

Yellow-headed  Blackbird,  Xanthocephahis 0.15. .  .0.40 

Bobolink,    Dolichonyx    orysivorus 0.25 .  .  .  1.00 

Waxwing,  Ampelis  0.15. .  .0.20 


Table  VII 
Reptiles 


Mons  Island  Ground  Iguana,  Cvclura  stejnegeri,  Mona  Island,  Porto 

Rico    " 0.10. .  .0.25 

California   Fence   Lizard,    Sceleporus   biscriatits,   CaHfornia 0.05... 0.40 

Boa  Constrictor,  Boa  Constrictor,   South  America 0.20... 0.80 

Hog-nosed    Snake,   Lystrophis   d'orbignyi,   Brazil 0.20. .  .0.20 

Asiatic  Snake,  Dinodon  riifosonatum.  Eastern  Asia 0.15... 0.30 

Chicken  Snake,  Elaphc  confinis,  Wisconsin 0.15. .  .0.20 

Band-tailed  Chicken  Snake,  Elaphe  taeniuriis,  Lorea 0.10. .  .0.20 

Mud  Turtle,  Cinosternon  flavescens,  Texas 0.025.  .0.50 

be  obtained  with  regularity,  yet  I  have  more  than  once  obtained  a  positive  test 
with  a  noncholesterolized  antigen,  and  a  negative  one  with  a  cholesterolized  an- 
tigen using  the  serum  of  patients  presenting  primary  lesions. 

The  study  of  the  possibilities  of  testing  tissue  extracts  obtained  from  sources 
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other  than  beef  or  guinea  pig  heart,  or  human  liver  or  heart  was  of  great 
interest.  Thirty-seven  varieties  were  tested  for  antigenic  and  anticomplemen- 
tary doses;  these  specimens  included  extracts  from  13  mammals,  10  birds,  8 
reptiles,  and  7  fishes.  Tables  V,  VI,  VII,  and  VIII  will  show  the  animals  from 
which  the  extracts  were  obtained,  and  the  results. 

Table  VIII 
Fishes 

California  Skate,  Raja  boiioculaio,  British  Columbia 0.15. .  .0.40 

Cow  Shark,  Notorhynchiis  maculatus,   San  Francisco 0.15... 0.20 

Moray  Eel,  Miirsena  niibila,  Asia 0.05. .  .0.10 

Cut- throat  Trout,  Salmo  my  kiss,  Montana 0.20. .  .0.80 

Whitefish,  Leucichthys  harengus.  Lake  Superior 0.05. .  .0.35 

Common  Carp,  Cyprinus  carpio,  Texas 0.05. .  .0.10 

Great  Club,  Lciicisus  lineatiis,  Utah 0.05. .  .0.15 

That  the  values  of  the  above  findings  are  somewhat  relative  in  character 
can  not  be  denied,  since  there  was  no  uniformity  in  the  preparation  of  the  ex- 
tracts. Then,  too,  these  extracts  were  not  prepared  for  a  special  purpose;  they 
were  nothing  more  than  the  alcohol  in  which  museum  specimens  of  the  above 
animals  were  preserved.  One  point,  however,  is  of  great  importance;  while 
there  were  a  few  extracts  which  had  no  antigenic  value,  there  were  some  of 
decidedly  valuable  character.  Whether  or  not  the  proportion  tends  to  throw 
light  upon  the  identities  of  cell  characteristics  in  various  animals  can  not,  at 
present,  be  stated. 

In  connection  with  the  complement  fixation  results,  it  is  customary  to  speak 
of  four,  three,  two,  and  one  plus  positives.  Various  attempts  to  apply  methods 
for  the  determination  of  the  strength  of  positive  reactions  were  made,  the  most 
popular  being  that  of  centrifugalizing  the  blood  corpuscles  which  remained  un- 
hemolyzed,  and,  by  means  of  a  scale  system  engraved  on  the  centrifuge  tube, 
determining  the  amount  of  corpuscles  present,  and  the  strength  of  the  reaction. 
This  method,  while  easily  applied,  is  by  no  means  faultless,  and  it  seems  that 
decreasing  amounts  of  red  blood  corpuscles  added  to  a  set  of  tubes  (containing 
the  questionable  serum,  the  antigen,  the  complement  and  the  hemolysin)  may 
serve  to  give  more  accurate  results  where  they  are  desired.  The  following  table 
demonstrates  the  method  advised  for  the  determination  of  the  positive  strength 
of  a  given  serum. 

If  a  serum  does  not  hemolyze  the  amount  jirescnt  in  the  Iciith  tube,  it  is 
considered  100  per  cent  positive.  The  serum  which  hemolyzes  Tube  10,  but 
docs  not  afTect  Tube  9,  is  consiflcrcd  90  per  cent  i)ositive;  thus  a  serum  hemolyz- 
ing  to  the  fourth  tube.  No.  4  not  being  hemolyzed,  however,  is  considered  40 
per  cent  positive;  the  serum  of  the  tube  containing  0.9  c.c.  blood  emulsi<in.  if 
incompletely  hemolyzed,  while  the  prc\ions  tube  has  been  com]ilctcly  hemolyzed, 
is  considered  10  per  cent  positive. 

This  titration  method  is  of  signiticaiuH'  only  in  a>ceiiaining  the  condition  of 
a  patient  who  has  undergone  treatment,  ;ni(l  whose  rc'iction  was  strongly  ])()si- 
tive  before  treatment. 
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Table  IX 
Titration  of  Serum  eor  Complement  Binding  Power 


NO.  OF 

SERUM 

ANTIGEN 

comple- 

SALINE 

INCUBA- 

HEMOLYSIN 

SHEEP 

INCUBA- 

TUBE 

ment 

5% 

TION 

2  UNITS 

BLOOD 

TION 

SOLUTION 

TIME 

IN  1  C.C. 

EMUL- 

TIME 

SION  5% 

1 

0.2 

As  deter- 

1 C.C. 

to 

Sufficient 

1  hour 

1.0 

1  hour 

2 

0.2 

mined  by 

eacli 

quantity 

at  37° 

0.9 

at  37" 

3 

0.2 

titration 

tube 

to  make 

C. 

0.8 

C. 

4 

0.2 

3  C.C. 

Added  to 

0.7 

5 

0.2 

each  tube 

0.6 

6 

0.2 

after  in- 

0.5 

7 

0.2 

cubation 

0.4 

8 

0.2 

time 

0.3 

9 

0.2 

0.2 

10 

0.2 

0.1 

THE  C0MPLE:MENT  fixation   without  ANY  ANTIGEN 

Deluca-°  stated  that  in  setting  up  a  hemolytic  system,  when  the  urine  of  a 
pregnant  was  added,  he  succeeded  in  obtaining  hemolysis,  but  in  the  presence 
of  normal  urine,  the  same  system  would  not  show  hemolysis.  The  diagnosis  of 
pregnancy  by  laboratory  methods  was  very  welcome  after  Abderhalden-^  had 
published  his  method.  There  was,  of  course,  a  great  difference  in  the  bases  of 
his  work,  and  that  conducted  in  the  present  study.  Abderhalden  based  his 
work  on  the  specific  enzymes  present  in  the  blood  under  certain  conditions,  and 
the  demonstration  of  the  enzymes  was  the  essential  basis  of  his  method.  Un- 
fortunately many  things  rendered  Abderhalden's  test  unpopular,  and  anything  of 
more  certain  characteristics,  and  simple  technic  would  be  received  with  great 
appreciation  by  the  clinician.  Two  hundred  fifty-nine  samples  of  urine  were 
tested  by  the  method  here  described,  the  results  being  so  encouraging  that  the 
continuation  of  the  study  of  the  test  seems  to  be  of  high  importance. 

The  technic  of  the  method  is  as  follows :  to  10  test  tubes  containing  in- 
creasing amounts  of  urine,  one-half  c.c.  of  20  per  cent  complement,  0.1  c.c.  of 
10  per  cent  sheep-blood  emulsion  and  two  units  of  hemolysin  are  added.  The 
amount  of  urine  contained  in  the  first  tube  presenting  complete  hemolysis  is  the 
titer.  The  values  found  by  the  titration  of  urines  are  nearly  absolute,  in  that 
once  standardized  to  a  certain  hemolytic  system,  the  titer  of  urines  is  constant. 

To  conduct  the  test,  three  tubes  are  set  up  for  each  specimen  to  be  tested. 
The  tubes  are  size  No.  1,  as  used  in  the  Noguchi  test.  The  first  tube  contains 
the  complete  hemolytic  system  and  0.15  c.c.  of  the  urine;  the  second  contains 
the  complete  hemolytic  system,  and  0.25  c.c.  of  urine,  while  the  third  contains 
0.25  c.c.  of  the  urine,  and  the  hemolytic  system  without  complement.  The  last 
tube  is  the  control  tube.  It  is  not  necessary  to  have  a  second  control  tube  which 
contains  complement  but  no  amboceptor;  the  absence  of  amboceptor  does  not,  in 
many  instances,  prevent  effective  hemolysis.  To  each  tube,  1  c.c.  of  physiologic 
saline  is  added,  after  which  the  tubes  are  well  shaken  and  the  test  put  in  the 
incubator  at  37°  C.  In  case  no  hemolysis  results  within  one  hour,  the  test  is 
considered  negative  for  pregnancy,  but  if  hemolysis  occurs,  the  test  is  positive, 
the  latter  reaction  usually  setting  in  within  the  first  25  to  30  minutes.     In  some 


STUDIES    ON    IMMUNITY 


405 


instances  instantaneous  hemolysis  occurs.  If  there  is  hemolysis  present  in  the 
third  tube,  it  is  due  to  some  cause  other  than  pregnancy.  There  is  no  difficulty 
in  reading  the  test,  because  unless  the  hemolysis  is  complete,  there  is  no  hemolysis 
present.  The  absence  of  hemolysis  denotes  absence  of  pregnancy ;  this  point 
must  be  emphasized,  in  that  so  far  I  have  experienced  no  test  In  which  the  urine 
of  a  pregnant  did  not  present  hemolysis. 

Although  the  presence  of  hemolysis  usually  means  pregnancy,  there  are  cer- 
tain exceptions  (see  tables  below)  which  are,  as  a  rule,  of  a  type  such  that  dif- 
ferential diagnosis  is  not  unpractical. 


TITRATION    OP    NORMAI,    URINE    EOR    INHIBITING    PROPERTIES:    AND    TITRATION 
OE    URINE    OF    A    PREGNANT    FOR    HEMOLYTIC    PROPERTIES 

The  accompanying  tables  demonstrate  the  method  of  titration   for  the  in- 
hibiting and  hemolytic  properties : 

Table  X 
Titration  or  Pregnancy  Urine 


NO.  TUBE 

URINE 

COMPLEMENT 

HEMOLYSIN 

10%  R.  B. 

C. 

saline 

result 

1 

0.05 

One-half  c.c. 

0.1  c.c.  rep- 

0.1 c.c. 

1  c.c. 

Com.  hemolysis 

2 

0.10 

representing 

resenting 

for  each 

saline 

Com.        " 

3 

0.15 

2  units  to 

2  units  to 

tube 

to  each 

Com. 

4 

0.20 

each  tube 

each  tube 

tube 

Com.        " 

5 

0.25 

Com. 

6 

0.30 

Incomplete 

7 

0.35 

No  hemolysis 

Table 

XI 

Titration  of  Normal  Urine 

NO.  TUBE 

URINE 

COMPLEMENT 

hemolysin 

10%  R.  B. 

C. 

saline 

result 

1 

0.05 

One-half  c.c. 

0.1  c.c.  rep- 

0.1 c.c. 

1  c.c. 

No  hemolysis 

2 

0.10 

representing 

resenting 

for  each 

saline 

"             " 

3    - 

0.15 

2  units  to 

2  units  to 

tube 

to  each 

"             " 

4 

0.20 

each  tube 

each  tube 

tube 

" 

5 

0.25 

"             " 

6 

0.30 

«                      a 

7 

0.35 

"                      " 

A  few  cases  may  illustrate  the  possibilities  of  applying  the  conijilemont- 
fixation  test  for  diagnostic  purposes. 

Case  No.  1. — Mrs.  H.,  last  menstruation,  Dec.  25,  1916;  test  performed  Jan. 
30,   1917,   reaction  positive.      Symptoms  of   pregnancy   set  in  two   weeks  later. 

Cose  No.  2. — Mrs.  W.  C,  age  thirty-eight,  last  i)criod  Oct.  28,  suspected 
change  in  life;  called  on  physician  Jan.  17,  1917.  Reaction  ])(isiti\e.  I'ound  to 
be  gravid  on  examination. 

Case  No.  3. — I'atient  thirtN-cight  \ears  of  age;  suspected  change  of  life; 
no  children  before.  Last  menstruation  four  weeks  pre\ious  ;  c.illed  on  ]ihysici;ni. 
reaction  positive.     Found  to  be  i)regn;mt  three  weeks  later. 

Case  No.  -I. — Mrs.  K.,  two  inonlhs  since  l;ist  nienstru.'ilion,  reaction  posi- 
tive.    On  operation  found  to  be  gravid  about  two  months. 

Case  No.  5. — Patient  twenty-eight  years  old,  ;ii)pendicitis,  re;iclion  po>itive, 
on  operation    found  to  be  pregnant   two  months. 
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Case  No.  6. — Girl,  diagnosed  to  be  pregnant,  denied  condition  or  possibili- 
ties, changed  physician.  Reaction  negative.  Examination  negative.  Diagnosed 
later,  tuberculosis  of  mesentery. 

These  cases  were  selected  for  demonstration,  a  summary  of  the  findings 
being  given  in  Table  XII. 

Table  XII 


POSITIVE 

NEGATIVE 

CONDITION 

REACTION 

REACTION 

TOTAL 

Normal  men 

- 

Z7 

Z7 

Girl  child 

- 

1 

1 

Normal  women  of  proper  age 

- 

12 

12 

Women  above  age 

- 

2 

2 

Pregnancy  present 

Condition  first  month 

14 

- 

14 

"          second 

8 

- 

8 

third 

6 

- 

6 

"           fourth 

2 

- 

2 

fifth 

7 

_ 

7 

sixth 

7 

- 

7 

"          seventh 

7 

- 

7 

"           eighth 

5 

- 

5 

"          ninth 

10 

- 

10 

Pregnancy,  no  history  of  time 

6 

- 

6 

After  fourth  day  of  delivery 

- 

4 

4 

After  ectopic  pregnancy  over  8  days 

- 

1 

1 

Pregnancy  and  albuminuria 

1 

- 

1 

Pregnancy  and  other  pathologic  condition 

2 

- 

2 

Casts  in  urine  no  albumin  present 

1 

- 

1 

Albumin  in  urine  no  casts  present 

1 

- 

1 

Albumin  and  casts  in  urine 

1 

- 

1 

Pus  in  urine 

8 

- 

8 

Sugar  in  urine 

- 

4 

4 

Hematuria 

- 

2 

2 

Appendicitis 

1 

27 

28 

Tulioovarian  abscess 

- 

2 

2 

Pyosalpinx 

- 

2 

2 

Pyelonephritis 

1 

- 

1 

Vaginal  abscess 

- 

1 

1 

Epidemic  meningitis 

- 

1  ■ 

1 

La  grippe 

- 

1 

1 

Measles 

2 

- 

2 

Pneumonia 

- 

1 

1 

Syphilis  secondary 

- 

3 

3 

Tabes 

- 

2 

2 

Tuberculosis 

1 

5 

6 

Variola 

1 

- 

1 

Cerebral  hemorrhage 

- 

1 

1 

Before  chololithotomy 

- 

2 

2 

Before  gastroenterostomy 

- 

1 

1 

Before  hysterectomy 

- 

1 

1 

Gastric  ulcer 

1 

2 

3 

Stenosis  of  the  pylorus 

1 

- 

1 

Cardiac  insufficiency 

2 

1 

3 

Mucus  gastritis 

- 

1 

1 

Phlebitis 

- 

1 

1 

Varicose  veins 

_ 

1 

1 

Hemorrhoids 

_ 

1 

1 

Colloid  goiter 

_ 

2 

2 

Myxedema 

1 

_ 

1 
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Table  XII.— Cont'd 


POSITIVE 

NEGATIVE 

CONDITION 

REACTION 

REACTION 

TOTAL 

Adenoma 

- 

1 

1 

Myoma 

- 

1 

1 

Carcinoma 

- 

1 

1 

Secondary  anemia 

- 

1 

1 

Injuries 

- 

5 

5 

Chemicals  taken: 

KI 

_ 

2 

2 

Salvarsan 

- 

4 

4 

Men  under  ether 

1 

7 

8 

Cases  without  history 

- 

6 

6 

Old  urines 

1 

1 

2 

Differential  diagnosis 

bet 

ween 

tumor  and  preg- 

nancy  and  diagnosis 

found 

correct 

2 

2 

Suspected  pregnancy, 

dia 

gnosis 

found  to  be 

correct  later 

22 

8 

30 

After  operation 

1 

5 

6 

x\lcoholics 

1 

5 

6 

After  removal  of  kic 

ne} 

of  man 

1 

1 

Edema  of  face 

- 

1 

1 

The  question  naturally  arises,  \\'hat  is  the  mechanism  of  the  test?  Is  it  a 
true  complement  fixation,  or  is  the  change  strictly  of  a  chemical  nature?  As 
the  investigations  in  this  direction  are  not  finished,  no  final  answer  can  be  given. 
The  first  step  in  proving  that  the  change  was  not  due  to  physical  influences,  was 
to  determine  the  specific  gravities  of  the  various  specimens.  As  a  result  it  can 
be  safely  stated  that  specific  gravity  has  scarcely  any  bearing  on  the  test.  With 
a  specific  gravity  as  high  as  1.035  urines  have  given  complete  hemolysis,  and 
urines  with  a  specific  gravity  of  1.007  have  failed  to  give  results.  Since  the  ad- 
dition of  excessive  amboceptor  would  not  cause  changes  in  the  reaction  if  no 
hemolysis  were  previously  present,  it  seems  probable  that  the  test  is  that  of  a 
true  complement  fixation,  but,  on  the  other  hand,  if  pregnancy  is  present,  hem- 
olysis will  set  in — perhaps  with  a  slight  delay — even  if  no  amboceptor  is  added. 
The  atypical  reaction  is  demonstrable  in  urines  of  patients  who  suffer  from  some 
type  of  nephritis.  The  fact  that  conditions  like  smallpox,  scarlatina  or  measles 
will  present  a  condition  which  results  in  the  hemolytic  effect  of  the  urine,  while 
the  urine  itself  is  free  of  casts  or  albumen,  is  by  no  means  a  contradiction.  These 
diseases  may  cause  an  initial  lesion — perhaps  temi)orar\-  in  tyiie— wliich  does 
not  cause  symptoms  sexere  enough  to  {)roducc  albumin  or  casts,  but  is  detcctalile 
by  means  of  a  seroreaction.  y\s  a  matter  of  fact,  in  no  case  where  there  arc 
casts  present,  will  there  be  a  lack  of  hemolysis,  and  in  a  few  instances  onlv  w  ill 
there  be  inhibitions  ])resentecl  where  pus  or  albumin  is  found:  in  all  ihe^e  in- 
stances pus  and  albumin  are  due  to  a  diseased  ki(hu-y. 

The  above  statistics  tend  to  show  that  syncytial  toxins  present  in  the  cir- 
culation of  the  gravid  woman  will  affect  the  kidneys,  the  intensity  of  the  nephri- 
tis depending  upon  the  in1t'nsit\  of  the  toxin.  I'rines  from  siudi  patii'nts  do 
not  inhibit  hcmol\>is.  wlu-thrr  or  not  tlu'si'  urint's  arc  bij^li  in  concenlr.ation. 
The  fact  that  pathologic  conditions  of  ollu'i"  type's  do  not  pi'i'scnl  false  tests. 
and  that,  unless  the  urine  is  old.  no  lixalion  of  complement  will  set  in  where 
pregnancy  is  i)resent,   renders  this   te^t    wortli\    of  serious  consider.-ition. 


408  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

CONCLUSIONS 

1.  We  have  shown  that  true  antigens  (e.g.,  antigens  which  contain  the 
etiologic  factor  of  the  disease,  emulsified  or  autolyzed)  will  work  only  where 
there  is  a  polymorphonuclear  leucocytosis  present. 

2.  AMiile  tuberculosis  is  a  disease  presenting  a  lymphocytosis,  it  will  fix  the 
complement  with  a  specific  antigen,  which,  however,  is  not  a  bacterial  emul- 
sion, but  a  heated  egg  medium  culture  containing  small  amounts  of  lipoid. 

3.  Tissue  extracts  of  mammals,  birds,  reptiles  and  fishes  may  serve  as  use- 
ful antigens  for  the  diagnosis  of  syphilis. 

4.  If  normal  urine  is  added,  the  complement  of  the  hemolytic  system  is 
affected  without  the  presence  of  a  specific  antigen. 

5.  The  presence  of  hemolysis  in  the  test  of  the  fourth  group  indicates  either 
some  type  of  affection  of  the  kidney  (even  when  no  albumen  or  casts  are  demon- 
strable) or  pregnancy,  the  tw^o  conditions  frequently  being  separable  by  the 
clinical  history  of  the  patient. 

6.  The  absence  of  hemolysis  in  a  hemolytic  system  to  which  urine  is  added 
speaks  against  the  condition  of  pregnancy. 

7.  In  complement  fixation  without  an  antigen,  reaction  affecting  the  third 
tube  (which  serves  as  a  control  tube  and  should  not  hemolyze)  speaks  for 
nephritis,  rather  than  pregnancy. 
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MENINGITIS  AT  CAMP  GREENE 


By  Paul  G.  W'oollev,  Captain,  M.  O.  R.  C,  Camp  Greene,  Charlotte,  N.  C. 


CEREBROSPINAL  meningitis  of  the  meningococcic  type  has  been  a  matter 
of  great  concern  in  the  training  camps  of  the  United  States  during  the  past 
winter.  It  is,  therefore,  useful  to  place  on  record  such  data  regarding  this  disease 
as  may  be  available  in  order  that  in  future  times  more  may  be  known  of  the 
epidemiologic  occurrence  of  it,  and  that  if  possible  the  laws  governing  its  spread 
may  be  worked  out. 

In  Camp  Greene  the  disease  was  at  no  time  truly  epidemic  though  in  one 
organization  at  least  it  acquired  something  of  the  appearance  of  epidemicity. 
This  will  be  evident  from  a  glance  at  the  table  which  shows  that  in  a  period  of 
something  over  t\\o  months  only  thirty  cases  occurred  m  a  camp  population 
varying  between  30,000  and  40,000.  Such  an  incidence  in  such  a  population 
can  not  be  called  epidemic.  To  be  strictly  accurate  there  were  but  29  cases, 
for  one  of  the  thirty  (Xo.  21)  was  of  the  pneumococcic  type  as  proved  by  bac- 
teriologic  examination.  Under  the  conditions  of  camp  life  such  as  prevailed 
during  the  past  winter,  with  exceedingly  cold  weather,  with  sleet  and  rain  alter- 
nating, with  the  men  practically  living  in  the  mud,  wet  from  one  day's  end  to 
another,  huddling  together  for  warmth, — in  other  words  \vith  all  the  best  condi- 
tions for  the  transmission  of  infection, — such  an  incidence  can  not  be  called 
epidemic.  As  a  matter  of  fact  it  is  a  surprising  fact  that  the  sick  rate  was  as 
low  as  it  has  been,  and  the  amount  of  diseases  that  occurred  from  all  causes 
speaks  well  for  the  care  exercised  over  the  men. 

Cases  of  meningitis  began  to  appear  in  December,  1917,  and  after  the 
appearance  of  the  first  case  of  the  disease  continued  to  appear  sjioradically 
during  January  and  February  as  shown  in  the  table. 

Certain  facts  relating  to  some  of  these  cases  are  interesting  and  are  to  be 
borne  in  mind  in  deciding  to  what  extent  the  camp  conditions  were  responsible 
for  the  persistence  of  the  disease.     For  instance, — 

Case  No.  28  had  not  been  in  camp  for  at  least  a  month  before  he  was  re- 
lieved from  duty  with  the  Provost  Guard  in  Charlotte,  X.  C.  and  re]iorted  back 
to  his  organization.  Two  da_\s  after  returning  to  cam])  he  was  taken  ill  with 
meningitis. 

Case  No.  24  had,  like  the  preceding  one,  been  on  duly  with  the  Proxost 
Guard  in  Charlotte  N.  C.  Immediately  ui)on  his  return  to  duty  with  his  organ- 
ization at  Cam])  Greene  he  was  ])lace(l  in  (]uarantine  with  a  grou])  of  measles 
contacts  and  sent  to  the  Detention  Camji.  At'tcr  i-ight  days  in  (juarantine  he 
develo])ed  meningitis.     None  of  his  tent  or  s'juad  mates  had  the  <lisease. 

Case  No.  14  was  a  recent  recruit  who  had  been  si'])aral('(l  t'roin  his  battery 
with  a  grou])  of  other  recruits  with  whom  he  was  being  trained.  lie  had  l)ecn 
assigned  to  his  regiment  about  eight  days  when  he  (le\eloped  meningitis.  None 
of  the  other  members  ot'  his  grouji  dc\ cIojk'i]   ilu'  disease. 
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CASE  NO. 

DATE  REPORTED 

CO.  OR  BATT. 

ORG.AXIZATIOX  NO. 

REMARKS 

1 

Dec.  18,  1917. 

B 

9 

2 

Dec.  21,  1917. 

I 

8 

3 

Jan.  3.  1918. 

G 

8 

4 

Tan.  3,  1918. 

L 

19 

3 

Jan.  4,  1918. 

E 

12 

6 

Tan.  9,  1918. 

Iv 

8 

7 

Jan.  9,  1918.. 

K 

12 

8 

Jan.  9,  1918. 

M.  G. 

19 

9 

Tan.  9,   1918. 

L 

19 

10 

Jan.  11,  1918. 

H 

1 

11 

Tan.  11,  1918. 

A 

9 

12 

Jan.  12,  1918. 

D 

10 

13 

Tan.  12.  1918. 

F 

14 

14 

Tan.  15,  1918. 

E 

15 

Recruit. 

15 

Tan.  16,  1918. 

33  Amb.  Co. 

26 

16 

Jan.  17,  1918. 

A 

16 

17 

Tan.  17,  1918. 

A 

15 

Recruit. 

18 

Jan.  18,  1918. 

E 

3 

19 

Jan.  20,  1918. 

D 

1 

Developed  in 
Detention  Camp. 

20 

Jan.  20,  1918. 

K 

5 

21 

Jan.  25,  1918. 

C 

9- 

Pneumococcus  case. 

22 

Jan.  29.  1918. 

Hdqs.  Co. 

19 

23 

Feb.  1,  1918. 

M.  G. 

6 

24 

Feb.  4,  1918. 

B 

15 

Charlotte  case. 

25 

Feb.  8,  1918. 

K 

10 

26 

Feb.  8,  1918. 

A 

7 

27 

Feb.  10,  1918. 

Hdqs.  Co. 

12 

28 

Feb.  11,  1918. 

F 

14 

Charlotte  case. 

29 

Feb.  12,  1918. 

D 

6 

30 

Feb.  13,  1918. 

C 

15 

Case  17  was  also  a  recruit  who  immediately  upon  his  arrival  at  camp  came 
in  contact  with  a  case  of  measles  and  was  promptly  sent  to  the  Detention  Camp 
where  he  later  developed  meningitis. 

In  none  of  these  cases,  certainly,  did  the  regimental  conditions  have  any- 
thing to  do  with  the  appearance  of  the  disease,  and,  also,  since  each  man  was 
kept  isolated  with  a  different  group  of  associates  in  none  of  whom  meningitis 
appeared,  the  cases  themselves  were  not  factors  in  the  further  occurrence  of  the 
disease.  They  were  in  other  words  sporadic  cases  which  did  not  become  cen- 
ters about  which  other  cases  developed.  No  plausible  explanation  of  the 
original  infections  in  the  individual  cases  can  be  offered  other  than  the  one 
that  in  each  case  the  causative  organisms  were  present  and  merely  waiting  for 
the  proper  decrease  of  resistance  of  the  individual  before  invading  the  tissues. 
It  is  a  surprising  fact  that  under  the  necessary  conditions  of  living  there  were 
not  many  more  cases.  For  days  at  a  time  the  weather  and  ground  conditions 
were  such  that  the  men  could  leave  their  tents  only  to  perform  the  absolutely 
necessary  duties.  Drill  was  impossible  and  nothing  remained  for  them  to  do 
but  lie  around  in  their  tents  trying  to  keep  warm  and  waiting  for  a  propitious 
day  when  their  bedding  and  clothes  could  be  aired.  The  conditions  were  the 
same  for  officers  and  men  and  the  disease  did  not  confine  itself  to  the  men. 

It  will  be  noted  that  an  organization  in  which  three  of  the  cases  occurred 
lay  adjacent  to  another  organization  in  which  a  number  of  other  cases  appeared. 
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It  will  also  be  noted  that  between  these  two  organizations  are  two  (17  and  18) 
in  which  there  were  no  cases.  In  other  words  there  seemed  to  be  no  evidence  of 
spread  from  one  regiment  to  a  neighboring  one. 

The  features  connected  with  meningitis  in  organization  No.  19  are  unique 
for  this  camp.  In  this  regiment  the  incidence  suggested  epidemicity,  and  also 
in  it  one  company  had  more  than  one  case  of  meningitis, — itlie  only  instance  of 
this  in  the  camp.  In  no  instance,  however,  was  there  more  than  one  case  in  a 
squad.  In  this  regiment  three  cases  were  from  Company  L,  and  one  each  in  the 
Machine  Gun  Company  and  Headquarters  Company.  One  of  the  cases  which 
developed  in  Company  L,  had  been  detailed  to  the  regimental  infirmary  where 
he  had  come  in  direct  contact  with  the  man  from  the  Machine  Gun  Company 
who  later  developed  the  disease.  This,  so  far  as  can  be  determined,  is  the  only 
instance  in  Camp  Greene  in  which  immediate  contact  could  be  strongly  suspected 
of  being  a  factor  in  spreading  the  disease. 

The  only  available  statistics  at  hand  indicate  that  there  have  been  between 
5  and  7  per  cent  of  carriers  in  Camp  Greene.     These  figures  came   from  the 


'1 

U 

n 

la-          IS-          II- 

Chart   to   show   the   location    of   the    different    organizations    in    Camp    Greene. 

Detention  Cam])  and  are  therefore  too  high,  in  all  ])r()bability,  for  in  this  camj) 
all  meningitis  carriers  were  isolated  pending  bacteriologic  examination.  It  would 
appear  therefore  that  the  percentage  of  carriers  in  Camp  Greene  was  smaller 
than  in  other  camps.  However  that  may  be,  it  represents  after  all  merely  a  guess 
because  the  only  organizations  which  were  cultured  were  those  in  which  men- 
ingitis a])peared  and  ])rol)ably  represents  not  more  than  half  the  personnel  of 
the  whole  camp. 

More  interesting  is  the  fact  that  in  the  only  organization  wliicli  made  use  of 
systematic  nasal  s])rays  since  the  first  of  the  year  not  a  single  case  developed, 
and  also  that  in  those  organizations  in  which  s]M-ays  were  resorted  to  after  the 
appearance  of  the  disease  no  other  cases  api)eared.  'i'his  nia\-  be  nierrly  coinci- 
dental, but  when  one  discovers  that  also  following  the  adoption  of  sprays  the 
total  sick  rate  falls,  especially  that  due  to  respiratory  diseases,  and  bears  in  mind 
the  curreiU  conception  that  the  meningococci  inhabit  the  nasal  passages,  one 
comes  to  have  a  very  healthy  respect  for  dichloraniine-T  as  an  agt-nt  for  the 
prevention  of  diseases  of  upper  respirator}-  tract  origin.     The  orgaiiiz.ition  nnni 
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bered  7  in  the  chart  has  had  the  lowest  measles  and  pneumonia  rate  in  Camp 
Greene  and  is  the  only  one  which  has  systematically  used  the  nasal  spray.  Its 
record  is  striking  and  forms  a  reasonable  basis  upon  which  to  recommend  that 
the  routine  use  of  nasal  spraying  with  dichloramine-T  be  introduced  into  the 
camps  for  the  prophylaxis  of  respiratoiy  diseases. 


THE  INTRAVENOUS  USE  OF  RED  MERCURIC  IODIDE 


By  L.  \\'.  RowE,  M.S.,  Detroit,  Mich. 


THE  value  of  mercury  in  combating  spirochetal  diseases,  particularly  syphilis, 
has  long  been  recognized,  but  its  exhibition  in  the  body  in  a  satisfactory  form 
is  attended  by  many  difficulties.  The  insolubility  of  many  of  the  salts  of  mer- 
cury coupled  with  their  toxic  action  upon  body  cells  has  rendered  them  of 
very  little  therapeutic  value.  The  bichloride  of  mercury  because  of  its  com- 
paratively greater  solubility  and  consequent  effectiveness  has  been  used  wher- 
ever possible,  but  its  very  corrosive  action  upon  body  tissues  when  administered 
hypodermically,  or  even  upon  mucous  membranes  when  applied  in  a  more  con- 
centrated solution,  have  greatly  limited  its  use.  In  combination  with  blood 
serum  the  bichloride  has  been  used  intraspinally  with  some  success,  but  the 
amount  of  bichloride  which  combines  with  the  serum  is  not  very  great  and  a 
large  dose  is  therefore  necessary.  The  intravenous  use  of  a  satisfactory  solution 
of  the  bichloride  is  impossible  because  of  the  great  danger  from  embolism  due 
to  coagulation  of  some  of  the  proteins  of  the  blood. 

The  red  iodide  of  mercury,  Hglg  (sometimes  called  biniodide)  is  as  nearly 
insoluble  in  water  as  any  of  the  salts  of  mercury,  and  for  that  reason  is  of  no 
therapeutic  importance.  When  combined  with  an  equal  amount  of  potassium 
iodide,  a  soluble  compound  is  formed  which  is  a  very  effective  germicide,  indi- 
cating that  the  characteristic  action  of  mercury  is  exhibited.  The  efficiency  of 
bichloride  as  a  germicide  is  very  great  as  is  indicated  by  the  fact  that  its 
germicidal  coefficient  is  approximately  one  thousand  (1000),  or  in  other  words 
that  it  is  about  one  thousand  times  as  efficient  as  pure  carbolic  acid,  yet  the 
average  results,  reported  by  various  workers,  of  tests  of  solutions  of  mercuric 
iodide  in  potassium  iodide  show  that  this  combination  is  fully  five  times  as  effi- 
cient as  the  bichloride,  or  5000  times  as  efficient  as  pure  carbolic  acid.  \\'ith 
this  fact  in  mind  it  was  thought  advisable  to  attempt  to  obtain  some  idea  con- 
cerning the  possibilities  of  the  use  of  mercuric  iodide  intravenously  by  deter- 
mining the  toxicity  of  this  compound  to  animals  when  administered  intravenously. 

A  search  of  the  literature  shows  that  Stassano  and  GompeP  have  published 
several  short  articles  in  which  they  have  commented  upon  the  great  germicidal 
activity  and  comparatively  low^  toxicity  of  mercuric  iodide  and  potassium  iodide, 
but  their  experimental  data  has  been  largely  concerned  with  the  germicidal  action 
and  no  definite  comparisons  could  be  made  because  of  the  lack  of  toxicity  data. 

■*From   the   Reseaicb    Laboratory,   Parke,   Davis   &   Co.,   Detroit,   Mich. 

'Stassano  and  Gompel:  Compt.  rend.  Soc.  de  bioL,  1913.  Lxxv,  42-44;  Ibid.,  1914,  Ixxvii,  9-11:  Compt. 
rend.  Acad.  d.   Sc,   1914,  clviii,  1716-19. 
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Lydston-  in  a  very  short  report  of  some  clinical  results  states  that  he  has  fre- 
quently administered  red  mercuric  iodide  dissolved  in  potassium  iodide  intra- 
venously with  no  harmful  effects. 

The  tests  shown  in  the  accompanying  tables  were  carried  out  upon  guinea 
pigs,  dogs,  and  rabbits,  in  order  to  show  the  toxicity  of  red  mercuric  iodide  and 
potassium  iodide  when  given  intravenously  to  animals.  Two  comparative  tests 
of  mercurfc  chloride  were  also  made. 

Table  I 

Toxicity  or  Red  Mercuric  Iodide  Dissolved  in  Potassium  Iodide  Administered 
Intr.wenously  to  Dogs 


DOG 
NO. 

weight 

IN  KG. 

DOSE  IN  GM 
PER  KG. 

DIL. 

TOTAL  DOSE 
IN  c.c. 

RESULT 

REMARKS 

1 

8 

.015 

1:100 

12 

Died 

Dead  in  2  hours 

2 

6.5 

.010 

1:20 

1.3 

Died 

Dead  in  20  hours 

3 

7.5 

.008 

1:20 

1.2 

Died 

Dead  in  2  davs 

4 

9.5 

.C05 

1:30 

r.43 

Died 

Dead  in  5  davs 

5 

/. 

.004 

1:50 

1.40 

Died 

Dead  in  2^  davs 

6 

9 

.004 

1:20 

.n 

Died 

Dead  in  5  davs 

7 

9 

.0035 

1:20 

.63 

Lived 

Lived  3  weeks  + 

8 

10.5 

.0030 

1:20 

.63 

Lived 

Lived  3  weeks  + 

9 

11. 

.0025 

1:20 

.55 

Lived 

Lived  3  weeks  + 

M. 

L.  D.  .0040 

gm.  per  kg. 

wt.  of  dog. 

Table  II 

Toxicity  oe  Red  Mercuric  Iodide  Dissolved  in  Potassium  Iodide  Administered 
Intravenously  to  Guinea  Pigs 


xo. 

v^eight 

IN  GM. 

DOSE  IN  GM 
PER  KG. 

DIL. 

DOSE  IN 
C.C. 

result 

remarks 

1 

375 

.COS 

1:100 

.30 

Died 

Died  during   night 

2 

395 

.005 

.20 

Died 

Died   during   niglit 

3 

477 

.004 

1:1000 

1.91 

Died 

4 

325 

.004 

1:500 

.65 

Died 

:> 

315 

.004 

.63 

Died 

6 

405 

.004 

.81 

Died 

7 

359 

.004 

.12 

Died 

8 

395 

.0035 

.70 

Died 

9 

458 

.0035 

.80 

Died 

10 

478 

.0035 

.83 

Died 

11 

455 

.0035 

.80 

Died 

12 

452 

.0035 

.79 

Died 

Died   6  da\  s  alter 
dosing 

13 

445 

.0030 

.66 

Died 

14 

507 

.0030 

.76 

Died 

15 

519 

.0030 

.78 

Died 

16 

519 

.0030 

.78 

Lived 

Lived   10  (lavs  + 

17 

436 

.0030 

.65 

Died 

18 

463 

.0025 

.58 

Lived 

Lived    10  davs  + 

19 

327 

.0025 

1  :10()0 

.82 

Lived 

20 

350 

.0020 

.70 

Lived 

21 

488 

.0020 

1  :500 

.49 

Lived 

•' 

U 

344 

.0015 

1  :2()()0 

1.00 

Lived 



11 

375 

.0010 

.75 

Lived 



24 

yiz 

.0008 

1:5000 

1.50 

Lived 

M.  L. 

D.  is  .0030  gm. 

I)cr  kg.  l)o 

ly  weight. 

=I.ydston,  G.   F. :     Jour.   Am.   Med.  Assn.,   1916,  Ixvii,   14-46. 
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Table  III 

Toxicity  oe  Red  Mercuric  Iodide  Dissolved  ix  Potassium  Iodide  Admixistered 
Intravenously  to  Rabbits 


NO. 

WEIGHT 

IX  GM. 

DOSE  IN  GM. 
PER  KG. 

DIL. 

DOSE  IN 
C.C. 

RESULT 

REMARKS 

1 

2000 

.025 

1:100 

5.0 

Died 

Dead  in  Ij^  hours 

2 

1675 

.015 

2.51 

Died 

Dead  in  3  days 

3 

1620 

.010 

1:50 

.81 

Died 

Died   during  night 

4 

3150 

.0080 

1:100 

2.52 

Died 

Dead  in  1  week 

5 

1783 

.0060 

1:80 

.86 

Died 

Dead  in  1  week 

6 

2000 

.0050 

1:100 

1.00 

Lived 

.Lived  2  weeks  + 

Table  IV 
Toxicity  oP  Mercuric  Chloride  Administered  Intravenously  to  Dogs 


WEIGHT 
IX  KG. 


DOSE  IN  GM. 
PER  KG. 


DOSE  IN 
C.C. 


RESULT 


REMARKS 


1 

6 

.008 

2 

7 

6 

3 

10 

5 

4 

9 

4 

1:50 


2.40 

Died 

2.10 

Died 

2.50 

Died 

1.80 

Lived 

Died  in  a  few  hours 
Died  in  a  few  hours 
Dead  in  1  week 
Lived  two  weeks 


M.  L.  D.  .005  gm.  per  kg. 


Table  V 
Toxicity  oe  Mercuric  Chloride  Administered  Intravenously  to  Guinea  Pigs 


weight 

IN  GM. 


dose  in  GM. 
PER  KG. 


DIL. 


dose  in 

C.C. 


result 


remarks 


1 

455 

.008 

2 

493 

.007 

3 

495 

.006 

4 

572 

.005 

5 

446 

.004 

6 

451 

.003 

7 

286 

.0025 

8 

252 

.0025 

9 

286 

.0020 

10 

360 

.0020 

11 

358 

.0020 

12 

327 

.0015 

13 

368 

.0015 

14 

395 

.0015 

15 

318 

.0010 

1:200 


1:400 


1:1000 


72, 

Died 

69 

Died 

59 

Died 

57 

Died 

72 

Died 

54 

Died 

72 

Died 

63 

Died 

57 

Lived 

72 

Died 

.72 

Died 

49 

Lived 

.55 

Lived 

.59 

Lived 

.32 

Lived 

Died  during  night 
Died  during  night 
Died  during  night 
Died  during  night 
Died  during  night 
Died  within  2  days 
Died  3  days  later 
Died  2  days  later 
Observed  for  1  week 
Died  in  4  days 
Died  in  3  days 
Observed  for  1  week 
Observed  for  1  week 
Observed  for  1  week 
Observed  for  1  week 


M.  L.  D.  is  .0020  gm.  per  kg. 


From  data  available  in  this  laboratory  the  toxicity  of  phenol  (carbolic  acid) 
administered  intravenously  to  guinea  pigs  is  0.2  gm.  per  kg.  body  weight.  With 
this  additional  data  Table  VI  of  comparative  toxicity  and  efifiiciency  should  be 
of  value. 

From  Table  VI  the  advantage  of  the  use  of  either  mercuric  chloride  or  red 
mercuric  iodide  over  the  use  of  phenol,  by  comparison  of  toxicity  and  germicidal 
efficiency,  can  be  readily  seen.  The  figures  in  parenthesis  indicate  the  com- 
parison between  mercuric  chloride  and  mercuric  iodide  alone,  using  the  figures 
obtained  for  mercuric  chloride  as  unity.  These  figures  show  that  although  red 
mercuric   iodide   in   potassium   iodide   when   given   intravenously   is   very   little 
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Table  VI 

Comparison  of  Toxicity  and  Germicidai,  Efficiency  of  Phenol,  AIercuric  Chloride,  and 

AIercuric  Iodide 


germicidal 
coefficient 


toxicity  toxicity 

intravenously  intravenously 

to  guinea  pigs  to  dogs 


Phenol  1  1  no  data 

Mercuric  chloride  1000(1)  100(1)  .005  gm.  per  kg.   (1) 

Mercuric  iodide  in  KI  5000  (5)  66%  (%)  .004  gm.  per  kg.   (VA) 

if  any  more  toxic  (in  the  case  of  guinea  pigs  it  is  less  toxic)  than  mercuric 
chloride,  yet  its  germicidal  efficiency  is  five  times  as  great  as  that  of  mercuric 
chloride.  It  should  consequently  be  greatly  preferred  to  the  bichloride  if  only 
because  of  its  greater  efficiency. 

Another  factor  which  is  worthy  of  serious  consideration  is  that  in  all  the 
intravenous  injections  into  animals  of  mercuric  iodide  (some  of  the  injections 
being  made  rapidly)  not  one  of  the  animals  died  suddenly  following  the  injec- 
tion. This  would  indicate  that  a  solution  of  red  mercuric  iodide  in  potassium 
iodide  has  no  very  strong  tendency  to  coagulate  any  of  the  constituents  of  the 
blood  when  introduced  directly  into  the  blood  stream  and  thereby  cause  sudden 
death  from  embolism.  On  the  other  hand  according  to  our  observations,  solu- 
tions of  mercuric  chloride  have  several  times  produced  sudden  death  when  ad- 
ministered intravenously  to  animals,  indicating  that  embolism  is  often  formed. 
This  is  very  apt  to  happen  if  the  injection  is  made  rapidly. 

Solutions  of  mercuric  iodide  like  those  of  most  mercury  salts  cause  marked 
local  irritation  when  administered  subcutaneously  or  intramuscularly,  so  that 
the  iodide  will  probably  never  become  very  popular  for  such  methods  of  adminis- 
tration. 

However,  with  the  increase  of  our  use  of  intravenous  therapy  because  of 
advantages  which  it  possesses  in  many  instances  and  particularly  because  the 
most  successful  method  of  combating  a  severe  systemic  disease  such  as  syphilis 
is  by  intravenous  injection  of  such  agents  as  salvarsan,  etc.,  in  solution,  it  seemed 
advisable  to  contribute  the  above  tables  of  data  to  our  knowledge  of  the  pharma- 
cologic action  of  such  an  important  germicide  as  red  mercuric  iodide. 

It  is  not  the  object  of  this  paper  to  assure  physicians  of  the  safety  of  the 
intravenous  use  of  this  salt  of  mercury  because  this  can  not  be  assumed  from 
I  animal  experimentation  alone.  It  is  intended  merely  to  point  out  certain  thera- 
peutic possibilities  as  indicated  by  animal  tests.  If  these  can  be  substantiated 
by  carefully  conducted  clinical  tests,  as  it  is  hoped  they  can  be,  the  purpose  of 
the  article  will  have  been  attained. 

SUMMARY 

Red  mercuric  iodide  in  combination  with  an  equal  amount  of  jiotassium 
iodide  can  be  injected  in  solution  into  animals  intravenously  with  comparative 
safety  if  reasonable  care  is  exercised  in  the  manner  oi  injection  and  in  the 
size  of  the  dose  injected. 

It  is  very  little  if  an\-  more  toxic  than  mercuric  chloride,  safei"  for  intra- 
venous use,  and  because  of  its  greater  germicidal  crruiiMuy  sliould  Ik-  I'otnid 
to  be  of  therapeutic  value. 
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AN  OUTLINE  FOR  THE  COMBINED  TEACHING  OF  PATHOLOGY 
AND  BACTERIOLOGY  IN  SMALL  MEDICAL  COLLEGES* 


By   Ellts   Kiai.ERT,   M.D.,   Alba>;y,   X.   Y. 


AT  no  previous  time  in  the  history  of  American  medical  institutions  has 
there  been  so  great  a  demand  for  conservation  of  resources,  concentration 
of  effort,  or  emphasis  of  fundamental  principles.  The  withdrawal  of  a  large 
portion  of  the  teaching  and  scientific  staff's  of  all  medical  colleges  for  military 
service  and  the  consequent  reduction  in  the  number  of  available  assistants  for 
teaching  purposes  calls  for  a  rearrangement  of  courses  and  methods.  This  is 
particularly  true  of  small  medical  colleges  where  the  number  of  instructors 
barely  suffice  in  normal  times  to  carry  on  the  work.  For  these  reasons,  and  as 
the  result  of  a  successful  experience  of  three  years'  duration,  the  following 
outline  is  offered  as  a  suggestion  in  the  conduct  of  classes  in  patholog}^  and 
bacteriology. 

It  is  needless  to  say  that  the  student  who  is  not  thoroughly  instructed  in 
histology,  physiology,  and  biochemistr}-  has  been  poorly  prepared  for  the  study 
of  pathology.  The  inability  to  visualize  normal  structures  and  functions  niakesp 
it  impossible  to  recognize  and  interpret  abnormal  changes,  and,  therefore,  the  I 
essential  conceptions  of  disease  may  be  lacking.  The  structure  of  a  lesion  will, 
have  but  little  significance  for  the  student  not  accjuainted  with  histologic  anatomy, 
and  there  must  be  developed  in  him  the  power  to  identify  the  cause  and  effect, 
and  predict  the  remote  result  of  the  changes  which  he  observes.  With  training 
in  the  recognition  of  isolated  lesions  will  come  the  ability  to  conceive  the  general 
bodily  changes.  With  these  requirements  in  mind  the  instructor  must  plan  to 
utilize  his  time  and  facilities  to  greatest  advantage.  The  essentials  are  to  be  em- 
phasized and  the  purely  philosophic  phases  of  the  subject  omitted.  The  didactic 
teaching  should  be  reduced  to  a  minimum  and  experimental  demonstrations  niadd 
as  numerous  as  possible.  The  outline  is  also  suggested  at  this  time  because  man}i 
men  without  previous  teaching  experience  have  been  suddenly  called  upon  to 
conduct   courses  in   pathology   and  bacteriolog}^ 

The  tendency  at  present  in  medical  schools  is  toward  the  "block"  systenj 
of  teaching  the  laborator}-  courses.  The  advantages  of  this  system  are  thai 
the  stvtdent  devotes  himself  entirely  to  the  one  subject  which  usually  occupie- 
half  the  school  year.  The  teacher  is  free,  therefore,  for  study  or  research  dur 
ing  the  remaining  months.  The  chief  disadvantages  are  the  rapidity  witl 
which  progress  must  be  made  and  the  possible  lack  of  sufficient  material  durinj 
the  brief  period  of  the  pathologic  course.  Great  care  must  be  exercised  t( 
avoid  bewildering   the   student   as   the   subject   expands   and   the   method   her- 

*From  the  Bender  Hygienic   Laboratory,  Albany,   X.   V. 
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suggested  will  accomplish  much  toward  giving  him   a   comprehensive  view   of 
the  studies  of  pathology  and  bacteriology. 

The  work  includes  the  following  subjects:  general  and  organal  patholog}^ 
bacteriology,  animal  parasitology,  tumors,  and  serology.  The  course  is  begun 
with  exercises  in  bacteriologic  technic.  The  classification  of  microorganisms  is 
then  studied,  after  which  the  student  acquaints  himself  with  the  physiologic 
characteristics  of  bacteria.  He  then  proceeds  to  the  study  of  inflammation 
and  the  retrograde  changes  in  tissues.  The  specific  pathogenic  bacteria  are 
next  investigated,  first  morphologically  and  culturally,  immediately  after  which 
the  lesions  they  induce  are  studied.  There  is  thus  given  a  complete  picture  of 
cause  and  effect  and  the  association  of  a  certain  organism  with  a  characteristic 
lesion  is  firmly  fixed  in  the  student's  mind.  t"resh  tissues  or  preserved  speci- 
mens from  which  microscopic  sections  have  been  made  are  exhibited  and  in  his 
attempts  at  differential  diagnosis,  the  student  makes  use  of  the  freezing  micro- 
tone  or  resorts  to  animal  inoculation.  By  this  method,  fatigue  from  continuous 
concentration  in  one  subject  is  avoided  and  interest  is  sustained  by  retaining 
the  subject  in  its  entirety.  Thus  by  way  of  example,  the  bacteriology  of  the 
typhoid  bacillus  may  be  studied  in  the  morning  session  and  in  the  afternoon, 
the  pathologic  anatomy  of  typhoid  fever.  The  teaching  effort  is  reduced  to  a 
minimum,  and  the. student  gains  a  more  comprehensive  knowledge  of  the  sub- 
ject. After  progress  has  been  made,  protocols  of  actual  autopsies  are  read 
and  discussed  by  the  class  in  conference.  The  organs  are  exhibited,  changes 
noted,  the  anatomic  diagnoses  tabulated  and  the  lesions  explained. 

Although  the  above  would  seem  to  be  sufficient  to  keep  the  student  quite 
busy,  yet  he  is  found  to  have  unoccupied  time  especially  during  the  last  month 
or  six  weeks  when  relieved  of  the  extensive  bacteriologic  technic.  Each  student, 
therefore,  is  assigned  a  problem  for  investigation,  which,  except  in  the  case  of 
unusually  capable  students,  should  not  be  original,  in  order  that  a  comparison 
may  be  made  with  the  results  of  a  previous  investigation.  If  desired  however, 
original  problems  may  be  undertaken  and  varied  according  to  the  mental 
capacity  and  technical  ability  of  the  indi\idual  student.  Thus  one  man  may  be 
given  the  problem  of  determining  the  chief  varieties  of  bacteria  in  the  throats 
of  twenty  normal  adults,  another  may  attempt  to  isolate  typhoid  bacilli  from  the 
urine  and  stools,  another  will  determine  the  antiseptic  pr()i)erties  of  certain 
chemicals,  and  still  another  study  the  bacteria  found  on  hair  brushes.  Number- 
less other  topics  will  suggest  themselves.  Pathologic  studies  involving  animal 
inoculations  may  also  be  suggested,  but  such  problems  demand  too  much  of 
the  teacher's  time  and  there  is  needless  sacrifice  of  animal  life.  Exi)eriments 
with  the  larger  animals  are  best  reserved  for  class  demonstrations.  The  object 
of  each  studv  should  be  systematic  work,  minute  observation,  recording  of  data 
and  careful  technic.  When  the  jiroblem  is  linished,  llu'  pajKT  is  read  belore  tbe 
class  and  discussed. 

Lectures  should  be  few.  but  demonslralions  nunuM-ou>.  .\l  the  end  of 
the  half  day's  session  a  meeling  of  the  class  is  lu'ld  and  the  >ul)jt'cl  of  the  day 
discussed  in  conference.     Great  interest  is  evinced  by  studi'nis  in  going  over  an 
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autopsy  protocol,  for  they  soon  learn  that  this  form  of  study  is  stimulating ; 
not  only  with  reference  to  the  work  in  hand,  but  also  to  related  subjects.  The 
method  in  reality  is  case  teaching,  and,  when  gross  and  microscopic  material  can 
be  exhibited,  is  the  ideal  procedure. 

In  the  outline  which  follows  no  headings  are  included  for  diseases  of  the 
nervous  system*,  but  these  may  be  inserted  at  convenient  points  and  new  head- 
ings created  such  as  diseases  of  the  meninges,  atrophic  and  degenerative  sclerosis 
of  the  cord,  of  the  brain-stem,  cerebral  hemorrhage,  cerebral  softening  and  others 
which  will  suggest  themselves. 


Outline  or  Course 


Historical — classification. 
Bacteriologic  methods. 
Staining. 

Physiology  of  bacteria. 
Destruction  of  bacteria. 
Carbolic  coefficient. 
Blood — histological  review. 
Theories  of  immunity. 
Inflammation. 
Pyogenic  cocci. 
Retrograde  processes. 
Streptococcus — pneumococcus  group. 
Gonococcus — meningococcus  group. 
Pneumobacillus. 
Pneumonia. 
B.  mallei. 
Glanders. 

Hemoglobinophilic  bacteria. 
Whooping  cough. 
Influenza. 
B.  pyocyaneus  group. 
B.  anthracis. 
Anthrax. 
Colon — typhoid  group. 
Dysentery. 
Typhoid  fever. 
B.  diphtheriae. 
Diphtheria. 

Pseudo-diphtheria  bacilli. 
Acid- fast  bacilli. 
Tuberculosis. 
Leprosy. 
B.  pestis. 
Plague. 
The  Anaerobic  bacilli. 
Anaerobic  methods. 
B.  aerogenes  capsulatus. 
B.  of  malignant  edema. 

Gaseous  gangrene. 
B.  tetani. 
Tetanus. 
Pathogenic  spirilhe. 
Cholera. 
Relapsing  fever. 
Vincent's  angina. 
Treponema  pallidum. 
Syphilis. 


Typhus. 

Poliomyelitis. 

Immunity. 

Phagocytosis. 

Opsonins. 

Agglutinins. 

Precipitins. 

Vaccines. 

Serums. 

Anaphylaxis. 

Serologic  methods  of  diagnosis. 

Tumors — ■ 

Benign  connective  tissue  tumors. 

Malignant  connective  tissue  tumors. 

Endothelioma. 

Myoma. 

Glioma. 

Neuroma. 

Benign  epithelial  tumors. 

Malignant  epithelial  tumors. 

Mixed  tumors. 

Teratoid  tumors. 

Cysts. 
Animal  parasites. 

Protozoa. 

Amebae. 

Flagellates. 

Ciliates. 

Amebic  dysentery. 
Sporozoa. 

Coccidia. 

Coccidiosis. 
Hemosporidia. 

Malaria. 
Sarcosporidia. 
Vermes. 

Trematodes. 

Cestodes. 

Nematodes. 
Arthropoda. 
Ductless  glands. 
Pernicious  anaemia. 
Leukemia. 
Hodgkin's  disease. 
Spleen  and  lymph  nodes. 
Circulatory  system. 


Lungs. 
*An  extensive  course  in  diseases  of  the  nervous  system  was  given  by  the  department  of  neurology. 
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Outline  ov  Course — Cont'd. 

The  Higher  forms  of  microorganisms.  Stomach  and  intestine. 

Actinomycosis.  Pancreas. 

Sporotrichosis.  Liver. 

Thrush.  Genitourinary  system. 

Ringworm.  Female  genitaHa. 

Favus.  Male  genitalia. 
Filterable  viruses. 
Diseases  of  unknown  etiology. 
Rabies. 

The  outline  simply  indicates  the  general  headings  and  should  be  amplified 
by  the  instructor  by  the  addition  of  numerous  subheadings.  Because  of  pres- 
ent-day interest,  such  topics  as  measles,  meningitis,  pneumonia,  gangrene,  vac- 
cination, and  venereal  diseases  should  be' treated  in  great  detail. 

Owing  to  the  abundance  of  surgical  material  in  most  laboratories,  surgical 
pathology  is  prone  to  receive  undue  importance  and  the  teaching  may  degenerate 
into  the  gross  and  microscopic  examination  of  specimens,  thus  making  the 
course  a  diagnostic  one  instead  of  a  biologic  study.  This  tendency  is  also 
present  in  clinical  teaching  laboratories  in  hospitals  where  the  examination  of 
blood  and  excreta  receive  undue  consideration.  Under  such  circumstances  the 
student  tends  to  become  a  technician  and  the  intellectual  study  of  medicine  may 
be  neglected.  During  the  fourth  year,  a  course  in  advanced  pathology  should 
be  provided.  In  the  light  of  his  brief  clinical  experience,  such  study  will  be  of 
great  value  to  the  student  and  should  include  a  thorough  consideration  of 
functional  pathology. 

In  most  schools  too  little  time  is  devoted  to  animal  parasitology.  This 
phase  of  comparative  pathology  is  extremely  interesting  and  instructive,  eluci- 
dating principles  of  pathology  not  otherwise  so  readily  attained.  The  lesions  are 
pronounced,  material  abundant,  and  the  injurious  agents  so  easily  procured  that 
the  subject  should  receive  greater  consideration.  No  other  branch  of  pathology 
illustrates  so  well  the  relation  between  cause  and  efifect.  In  fact,  the  study  of 
animal  parasites  would  at  the  present  time,  wdien  such  keen  interest  is  mani- 
fested by  the  general  public  in  hygiene  and  disease,  be  an  exceedingly  profitable 
subject  for  courses  in  biology.  This  plan  has  been  suggested  on  a  previous 
occasion  by  Dr.  Theobald  Smith  and  might  well  be  adopted  in  premedical 
studies.  The  interest  thus  aroused  in  animal  parasitology  may  result  in  tlu-  more 
active  pursuit  of  comparative  pathology. 

The  outline  above  presented  is  intended  for  small  schools.  There  are  those 
who  feel  that  the  subjects  of  pathology,  bacteriology,  and  serology  are  suf- 
ficiently comprehensive  to  be  conducted  under  separate  departments.  Where 
this  is  done,  much  overlap])ing  and  re[)etition  occur  and  it  is  not  advisable 
unless  extensive  resources,  financial  and  otherwise,  ar(>  a\ailal)le.  ()ur  i-xpcri- 
ence  has  been  that  two  instructors  and  one  technician  can  readily  conduct  the 
above  combined  courses,  omitting  nothing  considered  necessary  in  teaching  the 
principles  of  pathology  and  bacteriology.  That  changes  in  tlio  methods  of 
teaching  these  subjects  are  gradually  coming  about  is  indicated  by  such  recent 
works  on  pathology  by  Mallory  and  also  by  MacCalliun.  It  would  be  a  serious 
error,  indeed,  to  have  the  student  regard  these  subjects  in  an\  other  ligiit  than 
as  one  science. 


LABORATORY  METHODS 


A  CLINICAL   METHOD   FOR   DETERMINING  THE  RESPIRATORY 

EXCHANGE  IN  MAN* 


By  R.  G.  Pkarce.  B.A.,  M.D.,  Cleveland.  Ohio 

SINCE  the  determination  of  the  respiratory  exchange  in  man  is  of  some  im- 
portance in  the  study  of  certain  diseases  of  respiration,  circulation,  and  me- 
tabolism, and  also  because  directions  for  carrying  out  the  necessary  procedures 
are  not  generally  available,  I  have  thought  it  might  be  af  assistance  to  present 
here  brief  directions  for  the  Tissot^  and  the  Douglas  methods.-  These  method- 
have  been  found  to  compare  favorably  in  accuracy  with  others  in  use  at  pres- 
ent," and  because  of  their  adaptability  and  simplicity  they  are  specially  suited 
for  clinical  work. 

By  these  methods  the  energy  metabolism   of  the  body   is  calculated   from 


Fig.    1. — \'alves    used    by    the    author. 

oxygen  consumption  or  carbon-dioxide  excretion  per  minute  (indirect  calorim 
etry),  the  figures  for  which  are  determined  from  the  minute  volume  and  per 
centile  gaseous  composition  of  the  expired  air. 

The  subject  breathes  through  valves  which  automatically  partition  the  in 
spired  and  the  expired  air.  The  expiration  from  a  number  of  respirations  ar 
collected  in  a  spirometer  or  bag,  and  the  volume  of  the  respirations  per  niinut' 
is  determined.  The  gaseous  composition  of  the  expired  air  is  determined  by  ga 
analysis,  and  the  oxygen  consumption  and  energy  output  of  the  body  are  cal 
culated  from  the  data  obtained. 

DESCRIPTION    AND   USE   OF   PARTS   OF   THE   APPARATUS^ 

The  Mouthpiece  and  Vahcs.j — The  mouthpiece  is  made  of  soft  pure  gui 
rubber,  and  consists  of  an  elliptical  rubber  flange  having  a  hole  in  the  centc 
2  cm.  in  diameter,  to  which  on  one  side  a  short  rubber  tube  is  attached.  O 
the  opposite  side  of  the  hole,  at  right  angles  to  the  rubber  flange,  are  attache 
two  rubber  lugs.     The  rubber  flange  is  placed  between  the  lips,  and  the  lugs  ai 

*From  the  Cardiorespiratory   Laboratory,   Medical  Service,   The   Lakeside  Hospital,    Cleveland,   Oil- 

t  -X^^    mouthpiece,    nose    clip,    face    mask,    Douglas    bag,    and    gas-analysis    apparatus    can    he    seem 

irom  H.   N.   Elmer,   1140  Monadnock  Building,   Chicago,   111. 
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held  b}'  the  teeth.  The  rubber  tube  of  the  mouthpiece  is  connected  to  the  tube 
carrying  the  valves.  The  nose  must  be  tightly  closed  if  mouth-breathing  is  used. 
This  is  accomplished  by  a  nose  clip,  which  consists  of  a  V-shaped  metal  spring, 
the  ends  of  which  are  provided  with  felt  pads.  A  toothed  rachet  is  attached 
to  the  ends  of  the  spring,  and  serves  to  hold  the  spring  tightly  clamped  on  the 
nostrils  in  the  proper  position  (see  Fig.  2). 

Some  individuals  experience  great  distress  when  made  to  breathe  through 
the  mouth.  For  these  it  is  best  to  use  a  face  mask.  Unfortunatelv  at  the  pres- 
ent time  no  mask  is  entirely  satisfactory.     Perhaps  the  best  is  one  sold  by  Siebe, 


Fig. 


-A,   Nose   clij);    B.    Face    mask;    C.    Mouthpiece. 


Gorman  &  Co.,  which  is  pictured  in  the  illustration.  After  being  placed  in  i)osi- 
tion  the  face  mask  should  be  tested  for  leaks,  which  can  be  done  b}'  putting  soap 
around  the  edges. 

The  Vahes.- — The  valves  of  Tissot  are  probably  the  best  for  the  ]nu"pose, 
but  they  are  expensi\e  and  hard  to  obtain.  We  ha\e  made  perl'rclly  >alisfact()ry 
valves  from  the  prepared  casings  used  in  ihe  nianut;iclure  ol  I'ologna  sausage.'' 
These  can  be  obtained  preserxed  in  salt,  and  they  will  keep  indelinili'ly  on  ice. 
When  needed  a  short  ])iece  is  taken,  washed  free  fntm  s.alt  by  allowing  water 
from  the  tap  to  run  through  it,  and  softened  in  a  weak  glycerin   >ohuion.      Tlie 
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gut  becomes  very  soft  and  pliable,  and  does  not  dry  quickly.  A  piece  of  the 
casing  about  10  cm.  long  is  threaded  through  a  glass  tube  of  about  15  mm.  bore 
and  4  to  6  cm.  long.  One  end  of  the  casing  is  brought  around  the  outside  of  the 
tubing  and  secured  by  means  of  a  thread.  The  lower  end  of  the  membrane  is 
pinched  off  and  the  casing  is  then  cut  a  little  more  than  half  way  across  its  middle, 
so  that  this  opening  will  lie  just  within  the  free  end  of  the  tube  when  the  casing 


Kig.    3. — The    Tissot   spirometer.      In   actual   experiment,    subject    is   reclining   or    lying   down   and    the   vah 

and   mouthpiece  are   held   with  .a   clamp. 


is  drawn  back  through  it.    The  loose  end  of  the  casing  is  twisted  slightly — an 
sential  procedure, — and  is  then  secured  by  a  thread  on  the  outer  side  of  tl 
tube.     If  properly  made,  the  valve  will  work  freely  without  vibration,  and  ta 
opening  will  be  sufficiently  large  to  allow  a  good  current  of  air  to  pass, 
should  collapse  instantly  and  be  air-tight  when  the  current  of  air  is  reversed.'' 
The  back  lash,  or  lag  of  closure,  of  these  valves  is  extremely  small,  and  they 
will  open  or  close  with  a  pressure  of  air  not  exceeding  the  pressure  changes  in 
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normal  respiration.  When  not  in  use,  the  valves  should  be  kept  in  glycerin 
water  on  ice.  Valves  prepared  in  this  way  have  been  in  use  a  month  without 
loss  of  efficiency.  They  are,  however,  made  with  so  great  ease  that  new  valves 
are  provided  for  each  subject,  and  they  are,  therefore,  especially  adapted  to 
ward  work. 

These  valves  are  inserted  in  reverse  order  into  a  supporting  metal  T-piece, 
and  the  joints  made  air-tight  by  tape.  The  stem  of  the  T  is  connected  with  the 
mouthpiece.  Through  a  rubber  tube  of  about  ^^'i^ch  bore,  the  expired  air  is 
collected  in  the  spirometer. 

The  Tissot  Spirometer. — The  Tissot  spirometer  is  pictured  in  Fig.  3.  We 
have  found  the  100-liter  size  to  be  very  serviceable  in  the  clinic.  This  instru- 
ment is  mounted  on  a  platform  having  rubber  wheels,  and  can  be  moved  about 
the  wards  with  ease.  The  bell  of  the  spirometer  is  made  of  aluminum  and  is 
suspended  in  a  water-bath  between  the  double  walls  of  a  hollow  cylinder  made 
of  galvanized  iron.*  The  height  of  the  bell  is  72  cm.,  and  the  diameter 
42  cm.  An  opening  at  the  bottom  of  the  cylinder  connects  through  a  three- 
way  stopcock  with  the  rubber  tube  leading  from  the  expiratory  valve  of  the 
mouthpiece.  The  bell  is  counterpoised  by  means  of  a  weight.  In  the  original 
Tissot  spirometer  an  automatic  adjustment  permitted  water  in  amount  equal 
to  the  water  displaced  by  the  bell  to  flow  from  the  spirometer  cylinder  into  the 
counterpoise  cylinder  as  the  bell  ascended  out  of  the  water.  The  bell,  being 
heavier  out  of  water  than  when  it  is  immersed,  is  accordingly  counterpoised  in 
any  position,  although  Carpenter^  has  shown  that  this  refinement  is  unnecessary. 
An  opening  in  the  top  of  the  spirometer  permits  the  insertion  of  a  rubber  stop- 
per, through  which  are  inserted  a  thermometer,  a  water  manometer,  and  a  stop- 
cock with  tube  for  drawing  the  sample  of  air.  A  scale  on  the  side  of  the  in- 
strument gives  the  volume  of  the  air. 

During  an  observation  the  subject  sits  in  a  reclining  position  or  lies  upon  a 
couch.  A\'hen  the  bell  of  the  spirometer  is  placed  at  zero,  the  mouthpiece  ad- 
justed in  the  mouth,  and  the  nose  clamped,  respiration  is  started,  the  expirations 
being  passed  through  the  stopcock,  which  is  so  turned  as  to  allow  them  to  pass 
to  the  outside  air.  After  a  few  minutes  the  stopcock  is  turned  so  that  the  ex- 
pirations are  passed  into  the  spirometer  for  a  definite  length  of  time.  At  the 
end  of  the  period  the  cock  is  again  turned,  and  after  the  barometric  pressure, 
temperature,  and  volume  of  the  air  have  been  noted,  the  composition  of  the  air 
is  determined. 

Jlie  Douglas  Bag.' — This  is  made  of  rubber-lined  cloth,  and  is  capable  of 
holding  from  50  to  100  liters.  It  is  fitted  with  straps  and  is  easily  carried  on 
the  back.  In  making  (jbservations  the  bag  is  ])lace(l  on  \\\v  shoulders  and  con- 
nected with  the  valves,  the  mouthpiece  of  which  is  placed  in  the  mouth.  Res- 
pirations arc  then  commenced  with  the  three-way  valve  inrncd  so  as  to  allow 
the  ex])iralions  to  pass  dirccllx'  into  the  ont>idi'  air.  Alter  iTspira'oi  y  c'(|ni]ili- 
rium  is  cstal)lished,  the  three-way  valve  is  turned  during  an  inspiratory  period 
so  that  the  succeeding  expirations  may  jiass  into  the  bag.  The  lime  recjuired  to 
fill   the   bag  comfortal)l\    is   dctcnniticd    with    a   stopwatch.      The   air    which    has 

*The  instruments  in  use  in  my  laboratory  were  ni.iiie  liy  llie  Clevel.inil  Metal  rruilurls  C'cuupany, 
'  levcland,   to   which   we   wish    to   exteinl    our   thanks. 
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been  collected  in  the  bag  during  the  period  is  thoroughly  mixed  and  passed 
through  a  meter,  the  temperature  and  barometric  pressure  are  noted,  and  a 
sample  analyzed  on  the  Haldane  gas  apparatus.  The  bag  should  be  emptied 
completely  by  rolling  it  up  when  nearly  empty,  and  then  allowed  to  fall  back 
naturally  before  and  after  using. 

The  Haldane  Gas-analysis  Apparatus. — The  Haldane  method  of  analysis  of 
expired  air  is  simple  and  easily  learned.  The  apparatus  (Fig.  5)  consists  of  a 
gas  burette,  a  control  burette  of  the  same  size  (both  surrounded  with  a  water 
jacket),  and  bulbs  containing  dilute  caustic  potash  soda  solution  for  the  ab- 
sorption of  the  carbon  dioxide  and  an  alkaline  pyrogallate  solution  for  the  ab- 


Fig-  -t- — The  Douglas  bag  method  for  determining  the  respiratory  exchange.  The  arrangement  of 
mouthpiece,  valves,  and  connecting  tubes  have  been  found  to  be  more  convenient  than  that  recommended 
by   Douglas. 


sorption  of  the  oxygen.  The  gas  burette  is  connected  with  the  bulbs  by  a  two- 
way  stopcock,  which  allows  a  sample  of  gas  to  pass  into  either  bulb.  The  con- 
trol tube  is  put  into  connection  with  the  burette  through  a  manometer  tube, 
which  is  connected  with  the  alkali  bulb,  and  can  be  made  to  compensate  for 
any  changes  in  temperature  that  may  occur  during  the  course  of  the  analysis. 
For  an  analysis  the  gas  is  transferred  to  the  burette  from  the  sampling  tube, 
saturated  with  water  vapor  over  mercury,  and  then  measured,  after  which  it  is 
transferred  into  the  caustic  soda  solution  to  free  it  from  carbon  dioxide,  and 
then  returned  to  the  burette  to  determine  the  loss  of  volume  due  to  carbon- 
dioxide  absorption.     It  is  then  transferred  into  the  alkaline  pyrogallate  solution. 
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which  frees  it  from  oxygen,  after  which  it  is  again  brought  back  to  the  burette 
to  determine  the  loss  in  volume  due  to  the  absorption  of  the  oxygen. 

The  detail  of  the  Haldane  apparatus  is  shown  in  Fig.  5.     The  measuring 
burette  holds  21  c.c.     The  bulb  is  of  15  c.c.  capacity,  and  the  graduated  stem, 


1""'K-    5.— Ila!<l;iiK-    gas    appaiMtus    ( .-/ )    and    Vvnrcv    saniplini;    tnl.o    (/<). 

which  is  about  4  mm.  in  bore  and  ()0  cm.  in  Icn-th,  is  -rachiatcd  to  0.01  c.c. 
from^  15  c.c.  to  21  c.c.  The  stopcock  at  ihc  t..p  of  ihc  burette  is  double-borod.  so 
that  m  one  position  air  can  be  drawn  in  fio-n  a  gas  sampler  (2)  and  in  another 
sent  into  the  absorption  bulbs  (3).  The  lower  part  of  the  burette  extends  through 
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ihe  rubber  cork  at  the  bottom  of  the  water  jacket  {4).  A  piece  of  rubber  tubing 
is  attached  tc  the  bottom  of  the  burette  and  placed  within  a  metal  tube,  inside  of 
which  is  a  piece  of  metal  which  presses  against  the  rubber  tubing,  the  pressure 
being  controlled  b)^  means  of  a  fine  adjusting  screw  (d).  Below  this  a  glass 
stopcock  (7)  connects  with  rubber  tubing  to  the  mercury  leveling  bulb  (5). 
The  absorption  bulb  for  carbon  dioxide,  containing  20  per  cent  NaOH  or  KOH 
(P),  is  put  in  connection  with  the  burette  by  suitably  turning  stopcocks  (j  and 
6*).*  The  control  burette  {10)  is  also  in  connection  with  this  bulb  through  the 
manometer  tube  {11)  A  Any  variation  in  temperature  which  may  occur  during 
the  analysis  will  cause  the  level  of  the  alkaline  solution  in  the  manometer  to 
change. 

When  final  readings  of  the  shrinkage  of  volume  are  made,  the  level  of  the 
caustic  solution  is  returned  to  the  level  of  that  in  the  manometer.  By  so  doing, 
any  error  due  to  temperature  changes  is  avoided,  since  change  in  temperature 
must  be  equal  in  the  two  burettes. 

The  absorption  bulb  for  oxygen  {12)  is  filled  with  a  solution  made  by  dis- 
solving 10  grams  of  pyrogallic  acid  in  100  ex.  of  a  nearly  saturated  KOH  solu- 
tion. The  specific  gravity  of  the  KOH  should  be  1.55,  which  is  obtained  ap- 
proximately by  dissolving  the  sticks  (pure  by  alcohol)  in  an  equal  weight  of 
water.  The  mark  {13)  on  the  stem  of  the  bulb  indicates  the  level  at  which  the 
solutions  should  stand.  Enough  pyrogallate  solution  is  introduced  through  tube 
15  to  fill  bulbs  12  and  14  two-thirds  full,  then  pyrogallate  solution  is  poured 
into  tube  16  until  the  difference  in  level  of  the  fluids  is  sufficient  to  produce 
enough  pressure  to  raise  the  level  of  the  pyrogallate  solution  in  12  to  the  level 
13  on  the  stem.  Stopcock  8  must  be  open  during  this  procedure.  It  may  be 
necessary  to  add  or  take  away  a  little  pyrogallate  solution  through  15  to  attain 
the  above  level. 

Care  must  be  taken  to  allow  for  complete  absorption  of  oxygen  from  the 
air  that  is  entrapped  between  14  and  16  before  an  analysis  is  made;  otherwise 
changes  will  be  produced  in  the  level  of  the  pyrogallate  solution.  The  air  in 
the  capillary  tubing  connecting  the  burettes  with  the  absorption  bulbs  must  also 
be  freed  of  carbon  dioxide  and  oxygen.  This  can  be  accomplished  by  making  a 
dummy  analysis  of  atmospheric  air  before  the  real  analysis.  Great  care  must 
be  taken  to  have  atmospheric  pressure  in  all  the  tubes  at  the  start  of  the  analysis. 
This  is  accomplished  by  opening  the  stopcock  in  the  burette  first  to  atmospheric 
air  and  then  to  the  absorption  bulbs,  until  no  further  change  in  the  level  of  the 
fluids  in  the  stems  of  the  absorption  bulbs  occurs.  This  level  is  then  marked  and 
used  as  the  standard.  A  small  amount  of  water  in  the  burette  over  the  mer- 
cury assures  saturation  of  the  air  with  water  vapor.  Time  for  drainage  must 
be  allowed  before  making  readings. 

A  very  serviceable  sample  tube  for  the  transfer  of  air  can  be  made  from  a 
30  c.c.  ground-glass  syringe,  to  which  is  attached  a  two-way  stopcock.     A  cut 

co^rPrZn^,^*f^?'^°•^u    ^*-'   '^   double-bored,   so   that   the   bulb   leading  from   the  burette   can  be  brought   into 
connection  with  either  p  or  12. 

TThis  tube  also  has  a  three-way  stopcock  (79),  so  that  the  tube  may  be  opened  to  the  outside. 
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of  this  is  shown  in  the  illustration.  The  dead  space  in  these  syringes  is  washed 
out  by  working  the  piston  back  and  forth  several  times.  A  thin  coating  of 
vaseline  prevents  leakage  of  the  gas.  I  have  found  that  these  sampling  tubes 
will  retain  a  sample  of  expired  air  without  change  up  to  eight  hours. 

Manipulation  of  Apparatus. — The  sampling  syringe  (20)  is  attached  to 
opening  2  of  burette,  and  its  stopcock  (17)  opened  to  atmospheric  air  as  repre- 
sented in  the  illustration.  The  level  of  the  mercury  is  then  brought  to  the  level 
of  the  stopcock  in  the  syringe  and  the  stopcock  is  closed.  The  bulb  of  mercury 
is  lowered  so  that  the  mercury  falls  in  the  burette.  This  draws  the  piston 
of  the  syringe  with  it,  and  fills  the  burette  with  air  from  the  syringe.  It  is 
advisable  to  put  a  little  positive  'pressure  on  the  piston  of  the  syringe  in  the 
maneuver  to  prevent  possible  leakage.  When  all  of  the  air  is  in  the  burette,  a 
slight  positive  pressure  is  produced  in  the  burette  by  gently  pressing  on  the  pis- 
ton, and  immediately  thereafter  the  stopcock  on  the  syringe  (17)  is  again  turned 
to  the  original  position.  This  allows  the  pressure  of  air  in  the  burette  to  come 
to  that  of  the  atmosphere  pressure.  The  height  of  the  mercury  is  now  adjusted 
to  a  convenient  height  in  the  burette  by  closing  cock  7  and  turning  the  milled 
screw  6.  The  cock  18  is  now  made  to  communicate  with  the  absorption  bulbs. 
If  the  air  in  the  burette  is  at  atmospheric  pressure,  no  change  will  occur  in 
the  level  of  the  fluids.     The  reading  is  then  taken  on  the  burette. 

The  next  step  in  the  analysis  consists  in  turning  stopcock  8  to  communicate 
with  the  caustic  soda  solution  in  bulb  P,  and  the  leveling  tube  5  is  raised,  forcing 
mercury  into  the  burette  and  the  air  into  bulb  9.  The  gas  is  passed  back  and 
forth  several  times  until  absorption  is  complete,  as  can  be  determined  by  the  fact 
that  the  level  of  the  mercury  in  the  burette  remains  constant  when  the  fluid 
in  the  bulb  is  returned  to  its  original  level  (13)  on  the  stem-.  In  this  adjust- 
ment it  is  convenient  to  make  the  gross  leveling  by  the  mercury  bulb  and  the 
fine  leveling  by  closing  7  and  turning  6  until  the  fluid  in  9  is  at  the  original 
height.  The  reading  on  the  burette  indicates  the  loss  in  volume  due  to  the  car- 
bon dioxide  absorbed. 

The  oxygen  is  removed  by  a  similar  procedure,  the  gas  being  passed  into 
the  alkaline  pyrogallate  solution  by  turning  cock  8  to  communicate  with  bulb  12. 
The  absorption  of  oxygen  is  slower  than  for  carbon  dioxide,  and  more  care  must 
be  taken  to  get  complete  absorption.  The  air  in  the  capillary  tubing  between  the 
fluid  in  9  and  stopcock  8  must  be  washed  out  several  times  in  order  to  get  the 
oxygen  which  is  left  in  it  after  the  absorption  of  the  carbon  dioxide,  \\hen 
this  is  complete,  the  final  reading  on  the  btirette  is  made  and  the  loss  in  volume 
from  the  second  reading  represents  the  oxygen. 

THE    CATXUEATIONS 

The  calculation  of  the  percentile  composition  of  the  air  and  of  the  resf^ira- 
iory  quotient  is  represented  in  the  following  cxam])le  of  an  actual  analysis. 

The  temperature  and  barometric  pressure  as  taken  at  the  time  of  the  ex- 
periment were  20°  C.  and  747  mm.  Hg. 
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CO-,  analysis — ■ 

1st  reading  of   burette 20.00 

2nd  reading  of  burette  after  absorption   of   CO; 19.20 

CO3  absorbed    0.80 

0.80  -^  20  =  4.0  per  cent  CO,  in  expired  air. 
Since  there  is  0.03%  CO2  in  atmospheric  air, 
3.97%  of  the  CO:;  in  the  expired  air  was  derived 
from  the  blood. 

Oo  analysis — 

2nd  reading  of  burette 19.20 

3rd  reading  of  burette  after  absorption  of  O:. 15.90 

O3  absorbed    3.30 

3.30  ^  20  =  16.50%  of  O,  in  expired  air. 

Determination  of  R.  0. — 

Oo  in  atmospheric  air  ^  20.94% 

0,  +  CO.  in  expired  air   (16.50  +  4)   =  20.50% 

100-20.94  =  79.06%*  N  in  atmospheric  air. 
100-20.50  =  79.50%  N  in  expired  air. 

Since  the  nitrogen  is  not  changed  in  vokime,  the  last  figure  shows  that 
more  oxygen  must  have  been  taken  in  during  inspiration  than  Oo  -f-  CO.,  has 
been  given  back  in  expiration.  This  obviously  must  be  taken  into  account  in  the 
calculations.  The  amount  of  Oo  actually  inspired  for  each  100  c.c.  of  air  ex- 
pired is  found  as  follows : 

20.94  (percentage  of  O-,  in  atmospheric  air)     „„    .    .  r  -x-    •  •      1     ■  n 

nnnf.  t 1 F^^T — '• Z i — '• ^^  X /9.60   (percentage  of  i\..  m  expired  air); 

/9.06  (percentage  of  N2  in  atmospheric  air)  ^^  '^  -  ^  ^  ' 

or  0.265  (constant  factor)  x  79.5  (percentage  N._,  found  for  this  observation)! 
=  21.07,  the  volume  of  Oo  which  would  have  been  present  in  expired  air  to  ac- 
count for  No  present.! 

21.07  -  16.50  =  4.57%  O,  actually  absorbed. 

3.97  =  percentage  CO,  excreted. 

3.97 

,  ry  =  0.87,  the  respiratory  quotient,  or  ratio  of  COo  excreted  to  O2  absorbed. 

Total  Gas  Exchange. — The  volume  of  air  expired  in  15  minutes  into  thi 
Tissot  spirometer  was  found  to  be  100  liters  measured  at  20°  C.  and  747  mm, 
Hg.  (brass-scale  barometer).  This  volume  of  gas  must  be  corrected  so  as  tij 
give  the  volume  of  dry  air  at  0°  and  760  mm.  Hg.  To  do  this  two  things  mus 
be  taken  into  account:  (1)  Since  the  expired  air  is  saturated  with  water,  thi 
pressure  due  to  water  vapor  must  be  subtracted  from  the  observed  barometri 
pressure  to  obtain  the  true  pressure.  The  vapor  tension  of  water  for  variouj 
temperatures  is  given  in  Table  11.  (2)  The  barometer  tube  lengthens  o 
contracts  with  heat  or  cold,  and,  therefore,  the  barometric  readings  mu^ 
be  corrected.     The  corrections   for  ordinary  barometric  readings  are   found  i 

*This   i.s   the   constant   Go  percentage   in   air.  j 

tThis   calculation   can   be   simplified   by   the   use   of   Table    I    which    gives   the    Go    figure   correspondiii 

to  the  various   percentages   of  G^  +  CO2   in  the  expired   air.  ' 
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Table  III.    The  figure  corresponding  to  the  temperatures  is  subtracted  from  the 
barometric  reading  in  order  to  obtain  correct  barometric  pressure. 

In  the  above  experiment,  the  correction  for  the  barometer  is  2.41  mm.  (see 
Table  III),  and  that  for  vapor  tension  at  20°  C.  is  17.4  (see  Table  11). 


_HEIGHT;CENTI  METERS  _     _    ^ 

CD        —        rOCOii^CJiCD~vjOOGDCD 
rsj)  CZ)       CD       CD       OCDCDCDOCDCDCDf 


Vig.    r,.-Chart    for    .Iclcnnining    surface    area    of    .na,,    i.i    s,^,ar.    im-t.rs    ';•'""    ".'''^'^  .•''|^;I"«,7y'J' 
t.)   and  luight  in  ec-ntiinetcrs  (lit.)   according  to  the  formula:     Area   (>.i.   Cm.)   :i-  W  t.   0.4. .--   .\llt.   U./-3 


(W    ,   _ „ 

X  71.84.      (Fr<,m   Dubois  &   Dubois,   Arch.   Int.   Med.,    1917,   vol.    1/.) 


Actual  Barometric  Pressure.— 747  —  (17.4  ^  2.39)  =^  727. 2\  mm.  The  co- 
(fficient  of  expansion  of  gases  is  taken  as  0.003r)f)5,  or  1'273;  llK'rcf<.rc.  ihc 
volume  of  0°  equals  the  volume  at  1     (li\i<!cd  bv  1   ().Ol)3o()5  1;  and  hence 
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V  X  273  V 

Vo  = - = ,  \vhen  \"o  =  Volume  at  0°  and  V  =  Volume  at  t°. 

273 +  t         1  +  0.003665  t 

VP 
The  volume  of  gas  being  inversely  as  the  pressure,  Vo  =1^-— ,  where  V^  volume  at 

/60 
P  pressure ;  or  working  both  corrections  together, 

VP  X  273  VP 


Vo  =  . 


760  X  (273  +  t)      760  ( 1  +  0.003665  t) 
This  formula  applied  to  the  present  problem  reads  : 

^T^  100x727.2  ono  !•<. 

V  O  =: ^  89.2  liters. 

760   (1  +  0.003665x20) 

The  latter  calculation  can  be  considerably  simplified  by  using  standard  ta- 
bles which  give  constants  for  corrections  of  gas  volumes.     These  are  easily  ob- 
tainable and  are  given  in  part  in  Table  IV.     According  to  these  tables,  for  20 
C.  and  727.21  mm.  Hg.  B.  P.,  the  factor  is  0.89124. 

0.89124  x  100  =  89.124  liters,  0°  C.  and  760  mm.  Hg. 

0.89124x4.57  =  46  liters   of   O,  in   15  min.,  or   18.4   liters  per  hour. 

The  Caloric  Value  Calculated  from  the  Gas  Exchange. — By  reference  to 
Table  V,  giving  the  heat  value  of  1  liter  of  Oo  at  various  respiratory  quotients, 
it  is  found  that  at  a  R.O.  of  0.870,  4.888  calories  are  expended;  18.4  liters  of  O., 
is  therefore  equivalent  to  18.4  x  4.888  =  90  calories. 

The  results  must  be  calculated  for  surface  area  as  well  as  body  weight. 
since  the  metabolism  is  roughly  proportionate  to  the  surface  area.  Suppose  the 
subject  weighed  85  kg.  and  was  170  cm.  in  height;  by  reference  to  the  chart 
for  determining  the   surface   area  of   man    (Fig.   6),   this   is   found   to  be    1.9() 

square  meters.     The  caloric  expenditure  per  square  meter  in  the  above  case  is 

90 
therefore  ,  ^,  ■  ^  45.8  calories. 
1  .9d 

Table  I* 

The  Volume  Percentage  of  Oxygen  which  Would  Be  Present  in  the  Inspired  Air  n 
Account  for  the  CO2  +  O.  Found  in  the  Expired  Air 


%C02  +  %0, 

VOL.  %  OF  0, 

%C0o  +  %o., 

VOL.  7c  OF  0. 

IN  expired  air 

IN  inspired  AIR 

IN  expired  AIR 

IN  inspired  air 

19.4 

21.38 

20.4 

21.10 

19.5 

21.35 

20.5 

21.07 

19.6 

21.31 

20.6 

21.04 

19.7 

21.28 

20.7 

21.01 

19.8 

21.25 

20.8 

20.98 

19.9 

21.22 

20.9 

20.96 

20.0 

21.20 

21.0 

20.93 

20.1 

21.18 

21.1 

20.90 

20.2 

21.15 

21.2 

20.88 

20.3 

21.13 

21.3 

20.86 

*The  table  gives  the  oxygen   in  the  inspired  air  equivalent  to  the  sum  of  the  percentages  of  CO2  and 
O-   in   the   expired   air. 
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Table  II* 
Tension  oe  Aqueous  Vapor  in  Millimeters  oe  Mercury 

Temp.  15°  16°  17°  18°  19^         20°         21°         22°         23°         24°         25^ 

Mm.  12.7        13.5        14.4        15.4        16.3        17.4        18.5        19.7        20.9        22.2        23.5 

*To  obtain  the  dry  barometric  pressure,  subtract  the  mm.   Hg.   corresponding  to   the   temperature  of 
the  air  from  the  barometric  pressure  at  the  time  of  the   experiment. 

Table  III* 

Temperature  Corrections  to  Reduce  Readings  of  a  Mercuri.\l  Barometer  with  a  Brass 

Scale  to  0°  C. 

700     710     720    730    740    750    760    770 
Temp.       mm.    mm.    mm.    mm.     mm.    mm.     mm.    mm. 


15° 

1.69 

1.72 

1.74 

1.77 

1.79 

1.81 

1.84 

1.86 

20° 

2.26 

2.22 

2.32 

2.36 

2.39 

2.42 

2.45 

2.48 

25° 

2.83 

2.87 

2.91 

2.95 

2.99 

3.03 

3.07 

3.11 

*Subtract  the  appropriate  quantity  as  found  in  table  from  the  height  of  the  barometer.  The  table 
is  for  a  barometer  with  a  brass  scale,  and  the  values  are  a  little  lower  (about  .2  mm.)  than  for  the  glass 
scale.     The  corrections   for  intermediate   temperatures   can   be   approximated. 

Table  IV* 
Table  eor  Reducing  Gaseous  Volumes  to  Normal  Temperature  and  Pressure 


Mm. 

15° 

16° 

17° 

18° 

19° 

20° 

21° 

22° 

23° 

24° 

25° 

720 

.898 

.894 

.891 

.888 

.885 

.882 

.880 

.877 

.873 

.870 

.867 

730 

.910 

.907 

.  .904 

.901 

.897 

.894 

.891 

.888 

.885 

.882 

.879 

740 

.922 

.919 

.916 

.913 

.910 

.907 

.904 

.901 

.897 

.894 

.891 

750 

.935 

.932 

.928 

.925 

.922 

.919 

.916 

.913 

.910 

.907 

.904 

760 

.947 

.944 

.941 

.938 

.934 

.931 

.928 

.925 

.922 

.919 

.916 

770 

.960 

.957 

.953 

.950 

.948 

.945 

.940 

.936 

.933 

.930 

.927 

*The   observed   volume,   when   multiplied   by   the    factor   corresponding   to    the   temperature    and    cor- 
rected pressure,   will  give  the  volume  of  the  expired   air  reduced  to  0°   and  760  mm. 
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A  HIGHLY   DIFFERENTIATING   POLYCHROMATIC 
TOLUIDIN-BLUE   STAIN* 


By  Moses  Barron,  M.D.,   Minxeapolis,   Minn. 


ANYONE  working  in  a  clinical-pathologic  laboratory  realizes  the  need  for 
reliable  stains  that  possess  the  virtues  of  precise  differentiating  powers,  as 
well  as  simplicity  and  rapidity  of  technic.  The  almost  comitless  number  of 
stains  that  go  to  make  up  the  armamentarium  of  the  laboratory  technician  tes- 
tify to  the  continuous  efforts  of  many  workers  towards  discovering  serviceable 
stains. 

For  many  years,  I  have  been  impressed  with  the  polychromatic  qualities 
of  toluidin-blue.  I  became  acquainted  with  the  dye  as  an  ingredient  of  Bonder's 
stain  for  diphtheria  bacilli.  I  tried  various  combinations  to  increase  its  poly- 
chromatic properties,  until  one  of  our  laboratory  technicians,  Richard  Lund- 
quist,  suggested  the  idea  of  boiling  the  dye  with  an  alkali.  Heretofore,  this  proc- 
ess was  used  chiefly  in  obtaining  various  color  compounds  from  methylene  blue. 
For  instance,  Unna's  polychrome  methylene  blue  is  prepared  by  boiling  methy- 
lene blue  with  potassium  carbonate.  Similarly,  the  production  of  various  azures 
is  described  by  Tribondeau.^  Goodpasture-  describes  a  serviceable  acid  poly- 
chrome stain.  But  the  polychromatic  qualities  obtainable  from  toluidin-blue 
seem  to  excel  all  the  others  in  the  sharpness  of  dift'erentiation.  Although  its 
special  usefulness  lies  in  staining  frozen  sections  for  rapid  diagnosis,  it  is  of 
distinct  value  in  a  large  number  of  routine  laboratory  procedures. 

The  preparation  of  the  stain  is  as   follows: 

Toluidin-blue  1.0 

Potassium  carbonate  1.0 

Distilled  water  400.0 

Boil  solution  in  glass  beaker  until  it  is  reduced  to  300  c.c. 
Cool;    then    add: 

Toluidin-blue  2.0 

Sodium  chloride  3.0 

Glacial  acetic  acid  12.0 

Alcohol  15.0 

Stir  mixture  until  ingredients  are  completely  dissolved.  It  is  ready  for 
use  at  once,  and  can  be  used  over  and  over  again.  It  does  not  precipitate  and 
keeps   indefinitely. 

The  following  technic  is  employed  in  staining  frozen  sections  for  rapid 
diagnosis.  A  piece  of  tissue  which  is  not  more  than  3  mm.  in  thickness  is 
dropped  into  boiling  10  per  cent  formalin  for  about  one  minute.  Fresh  tissue 
without  hardening  may  be  used  in  many  cases  but  the  sections  are  more  diffi- 
cult to  handle.     The  tissue  is  cut  with  the  freezing  microtome,  and  the  sections 

"From  the  Lal)oratory  of  Pathology  of  the  Medical  School  of  the  University  of  Minnesota,  Minne- 
apolis, Minn. 
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are  placed  in  a  dish  containing  physiologic  sah  solution.  The  sections  are 
quickly  straightened  out  and  carried  over  into  a  small  dish  of  the  stain  where 
they  are  left  for  about  fifteen  seconds.  They  can  be  left  for  a  much  longer 
time  without  overstaining.  The  sections  are  then  transferred  to  another  dish 
of  physiologic  salt  solution  where  they  are  rapidly  washed  for  a  few  seconds 
to  remove  the  excess  of  stain,  and  then  are  at  once  mounted  in  the  same  solu- 
tion on  a  slide,  and  a  coverslip  applied.  The  section  is  now  ready  for  examina- 
tion. The  entire  process,  from  the  time  the  section  is  cut  to  the  completed 
preparation  for  microscopic  study,  need  not  take  more  than  one  minute  in  most 
instances. 

I  have  found  that  by  handling  the  sections  in  physiologic  salt  solution  and 
by  having  approximately  1  per  cent  salt  in  the  stain,  the  outlines  of  the  cells 
and  their  nuclei  are  clearer  and  sharper  in  the  resulting  preparation.  The 
acetic  acid  in  the  stain  helps  to  accentuate  the  nuclei,  while  the  alcohol  aids 
in  straightening  out  the  section  after  its  transference  into  the  last  salt  solution. 

Sections  stained  by  this  method  give  approximately  the  following  micro- 
scopic pictures.  The  cytoplasm  of  epithelial  cells  stains  a  purplish  blue  of 
varying  intensity  depending  upon  the  age  of  the  cell.  The  younger  the  cell, 
the  deeper  the  stain.  The  stratum  germinativum  of  the  skin,  therefore,  takes  a 
deeper  stain  than  the  stratum  corneum.  The  nuclei  stain  deep  purple.  Tumor 
cells,  like  those  of  carcinomata,  stain  deep  purplish  blue.  Mitotic  figures  show 
up  very  distinctly,  as  the  chromosomes  stain  a  purplish  black.  Hyaline  con- 
nective tissue  stains  pink  and  the  intensity  of  the  color  is  proportional  to  the 
degree  of  hyalinization  present.  The  nuclei  of  the  leucocytes  take  a  very 
deep  purple,  while  the  cytoplasm  stains  only  feebly  bluish.  The  granules  of 
the  neutrophiles  stain  faintly  bright  green.  The  granules  of  the  basophiles  are 
dark  purple,  almost  black.  Plasma  cells  are  easily  identified.  The  cytoplasm 
is  a  light  purplish  blue,  while  the  excentric  nucleus  appears  reticular  and  takes 
a  deep  purple  color.  An  achromatic  zone  surrounds  the  iiucleus.  Erythrocytes 
do  not  stain  but  appear  greenish  yellow.  The  endothelial  cells  lining  blood  ves- 
sels and  lymph  spaces  stain  light  bluish  purple. 

The  mvelin  sheaths  of  nerve  fibers  are  liright  purple,  while  the  cytoplasm 
of  the  cells  is  bluish  green.  Cartilage  stains  a  deep  purple.  Elastic  fibers  are 
brilliant  green.  Cells  containing  fat  dro])lets  ]iresent  a  dirty  brown  apjiear- 
ance.  Because  of  this  the  zones  in  the  loliules  of  a  liver  involved  in  chronic 
passive  congestion  with  fatty  metamorphosis  stand  out  very  ])romincnl]y.  In 
the  adrenal,  the  cortex  appears  brown  while  the  medulla   is  light  T)lue. 

Atherosclerosis  of  the  aorta  gives  a  beautiful  picture.  Athcmnintous  patches 
containing  fat  droplets  are  brown;  elastic  fibers  are  brilliant  liluish  green;  and 
hyalinized  connective  tissues  are  pink. 

Besides  the  staining  of  tissues,  the  examination  ol  stools  tor  o\a  anil  para- 
sites is  facilitated  by  the  use  of  this  stain.  A  drop  of  emulsified  stool  is  inixi-d 
with  a  drop  of  the  stain  on  a  slide,  and  :\  co\erslip  api)lied.  Traclically  all 
the  elements  in  the  normal  stool  take  a  imrplish  re<l  coloi".  if  o\a  of  any  of 
the  tenia  be  ])resent,  they  stand  out  as  regular  yellowish  or  golden  yellow  bodies 
against  a  pur[)le  background.  The  identilication  ot'  the  o\a  thn-^  becomes  a 
simple  matter  because  they  appear  so  difl^^erent   from  any  other  elements  i)resent. 
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But  the  stain  is  even  more  valuable  for  identifying  amebse  in  stools.  Hitherto 
a  correct  diagnosis  of  ameba  could  be  made  only  through  the  examination  of 
a  warm  stool  on  a  warming  stage.  With  this  stain,  amebse  can  readily  be  iden- 
tified by  taking  a  drop  of  the  mucoid  portion  of  the  stool  and  mixing  it  with 
a  small  drop  of  the  stain.  The  cytoplasm  of  the  amebee  takes  on  a  purplish  blue 
and  the  outline  of  the  cells  becomes  very  sharp.  The  nucleus  often  shows  very 
distinctly.  Vacuoles  and  ingested  particles  become  prominent.  The  amebse  can 
be  recognized  with  the  low  power  by  their  size,  regularity  in  form,  sharpness 
of  cell  outline,  and  the  deeper  bluish  tinge  of  the  cytoplasm  than  that  of  most 
of  the  other  elements  present.  The  absolute  identification  can  then  be  made 
by  means  of  the  high  power  dry  lens. 

Diphtheria  bacilli  show  up  excellently  with  this  stain.  The  smear  is  flooded 
with  the  stain  and  steamed  gently  for  about  ten  to  fifteen  seconds.  It  is  then 
washed  and  dried.  The  granules  appear  a  deep  brilliant  purplish  red,  while  the 
rest  of  the  cell  bodies  stain  a  light  purplish  blue. 

Because  of  the  simplicity  and  the  quite  general  usefulness  of  this  stain 
I  feel  justified  in  reporting  its  formula. 
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A  SUBSTITUTE  FOR  WHITE   MICE  IN  PNEUMOCOCCUS  GROUPING 


O.  J.  Walker,  M.D.,  and  W.  J.  Bruce,  Oklahoma  City,  Okla. 


PNEUMONIA   is   at   all  tmies   a   very   prevalent   disease   during  the   winter 
months,    and,    if   anything,    it    has    been    more    widespread    than    ever    this 
year.     Especially  in  our  army  camps  it  has  appeared  in  almost  epidemic  form. 

Every  effort  has  been  made  to  combat  this  dread  disease,  and  of  no  small 
avail  has  been  the  new  treatment  with  the  anti'pneumococcic  serum  produced 
by  the  workers  at  Rockefeller  Institute.  As  this  method  has  been  published  in 
detail  in  many  of  the  current  journals,  it  needs  no  repetition  here. 

This  serum  treatment  depends  upon  the  exact  diagnosis  of  the  specific 
type  of  the  pneumococcus  in  each  individual  case.  The  method  as  devised  by 
Cole^  and  his  coworkers  calls  for  a  pure  culture  of  the  mfecting  pneumococci 
in  the  shortest  possible  period  after  the  case  is  seen.  This  pure  culture  is  neces- 
sary for  the  performance  of  the  agglutination  and  precipitin  tests  with  the! 
known  immune  serums  of  Types  I,  II,  III,  and  the  consequent  determination 
of  the  type  of  organism  causing  the  infection.  Owing  to  the  high  susceptibility 
of  white  mice  to  the  pneumococcus,  this  purpose  was  found  to  be  best  and  most 
quickly  attained  by  the  intraperitoneal  injection  of  a  small  amount  of  sputum 
into  one  of  these  animals.  A  pure  culture  can  be  obtained  in  this  way  in  from^ 
six  to  sixteen  hours. 


SUBSTITUTE   FOR   WHITE   MICE   IX    PNEUMOCOCCUS  GROUPING  435 

Because  of  the  unusually  large  numbers  of  cases  of  pneumonia  this  winter, 
and  because  of  the  comparative  newness  of  the  method,  breeders  of  white  mice 
have  not  only  raised  the  price  of  their  animals  to  a  ridiculous  figure,  btit  have 
been  unable  to  adequately  supply  the  demand. 

To  meet  this  emergency  O.  T.  Avery-  devised  a  quick  method  for  group- 
ing the  pneumococcus  which  was  independent  of  the  use  of  white  mice.  How- 
ever, he  recommends  the  method  only  as  an  emergency,  and  states  that  it  is 
not  as  reliable  as  the  mouse  method. 

Being  unable  to  procure  the  white  mice  in  sufficient  quantities  for  our  work, 
we  decided  to  try  the  common  brown  house  mouse.  For  purposes  of  comparison 
of  their  relative  susceptibility,  white  and  brown  mice  were  injected  in  duplicate 
with  similar  amounts  of  the  same  suspension  of  sputum.  In  every  case  the 
tissues  of  the  wild  mouse  proved  to  be  more  susceptible  to  invasion  by  the 
pneumococcus  as  measured  by  the  time  of  death  and  the  relative  number  of 
pneumococci  in  the  peritoneal  exudate  at  a  given  time  after  the  injection.  In 
every  case  the  agglutination  and  precipitin  reactions  were  just  as  clear  cut 
with  the  peritoneal  washings  of  the  brown  mouse  as  with  the  white  mouse. 

The  ordinary  brown  wild  mouse  can  be  obtained  anywhere  and  at  any 
time  for  the  cost  of  trapping.  We  used  for  this  purpose  the  small  wire  cage 
trap  that  can  be  purchased  for  twenty-five  to  thirty-five  cents  at  almost  any 
hardware  store.  A  half  dozen  of  these  traps  distributed  among  a  few  friends 
will  quickly  supply  sufficient  animals  for  a  day's  work  and  the  supply  is  almost 
inexhaustible. 

The  wild  mouse  is  more  difficult  to  handle  than  his  white  brother,  as  he 
fights  and  bites  as  the  little  fiend  he  is.  However  this  difficulty  is  easily  over- 
come by  wearing  a  pair  of  heavy  leather  gloves. 

We  report  our  experiences  in  this  work  in  the  hope  that  it  may  help 
others  as  they  have  certainly  helped  us  in  the  present  dearth  of  white  mice. 
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EDITORIALS 


Functional  Heart  Tests 

THE  application  of  polysphygmographic,  and  more  particularly  of  cardio- 
graphic,  technic  in  the  clinical  diagnosis  of  cardiac  disease  has  served  to 
reveal  the  exact  nature  of  many  conditions  which  previously,  in  our  ignorance, 
were  classified  loosely  as  functional  cardiac  disorders.  No  other  physical  sign 
of  disturbed  heart  action  could  be  detected  than  an  alteration  in  rate  or  an 
irregularity  in  rhythm:  no  bruit  or  hypertrophy  could  be  made  out,  although 
subjective  symptoms  of  a  decidedly  alarming  character  might  be  prominent. 
The  discovery  of  heart  block,  of  auricular  fibrillation  and  flutter,  and  more 
recently  of  the  various  so-called  bundle  lesions,  has  opened  out  an  entirely  new 
field  in  cardiac  medicine  and  therapeutics.  But  even  when  every  refinement  of 
diagnosis  is  applied,  there  yet  remain  many  cases  in  which  there  is  perfectly 
evident  cardiac  embarrassment  with  no  demonstrable  physical  sign  of  unphysi- 
ologic  heart  action.  Irritable  heart  and  so-called  soldier's  heart  are  examples 
of  such  cases. 

The  problem  which  most  pressingly  calls  for  further  investigation  at  present 
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is,  therefore,  the  development  of  methods  by  which  the  functional  capacity  of 
the  heart  can  be  gauged.  Experimental  investigation  by  Starling  and  his 
pupils  with  heart-lung  preparations,  in  which  the  work  by  the  heart  may  be 
accurately  measured,  had  shown  that  the  dominating  factor  is  the  venous  inflow. 
If  this  remains  constant,  neither  a  great  acceleration  in  heart  rate  nor  an  increase 
in  arterial  blood  pressure  can  in  itself  alter  the  outflow.  But  the  extent  to  which 
alterations  in  venous  inflow  may  correspondingly  alter  the  arterial  discharge  is 
so  considerable  as  to  permit  the  conclusion  to  be  drawn  that  the  reserve  power 
of  the  heart  muscle  is  equal  to,  if  not  greater,  than  the  power  which  the  heart 
actually  expends  on  the  performance  of  its  ordinary  pumping  action.  It  is  this 
reserve  power  which  constitutes  the  factor  of  safety  of  the  heart,  and  which 
may  become  narrowed  down  without  any  evident  signs  of  cardiac  weakness 
until  some  stress  is  thrown  on  the  organ. 

To  test  the  extent  of  this  factor  of  safety  of  the  heart  is  the  object  of 
some  recent  investigations  in  the  cardiac  clinics.  The  adoption  of  suitable 
methods  for  the  test  involves  two  questions :  first,  how  we  are  to  gauge  the 
heart's  reaction,  and  secondly,  how  we  are  to  subject  the  organ  to  approximately 
measurable  increasing  amounts  of  extra  strain.  Experience  has  shown  that  the 
first  object  is  satisfactorily  fulfilled  by  measuring  the  heart  rate  (pulse)  and 
the  systolic  blood  pressure,  and  that  the  second  is  best  applied  by  graded  mus- 
cular exercise. 

Elsewhere  in  this  Jourxal  will  be  fovmd  an  exi^lanation  of  the  probable 
nature  of  the  mechanism  by  which  the  cardiovascular  system  responds  to  in- 
creasing effort  on  the  part  of  the  somatic  musculature,  but  at  present  we  need 
concern  ourselves  merely  with  the  readily  measurable  changes  by  which  the 
response  can  be  gauged.  Rapport, '^  Barringer,-  and  Cotton,  Rapport  and  Lewis, ^ 
have  shown  that  the  pulse  rate  and  systolic  blood  pressure  taken  at  frequent 
intervals  immediately  after  the  exercise  is  discontinued,  furnish  the  most  prac- 
tical guides.  The  pulse  rate  may  be  taken  either  by  the  ordinary,  palpatory, 
method  (Barringer)  or  by  applying  to  the  opposite  arm  to  that  from  which 
blood  pressure  is  being  measured  a  blood-pressure  armlet  connected  with  an 
Erlanger  capsule  and  a  polygraph  ;  the  tubing  leading  to  the  polygraph  is  dis- 
connected from  the  capsule  during  the  exercise,  but  is  immediately  attached 
when  this  is  ended.  The  blood  pressure  is  taken  by  auscultatory  or  ])al]nitor}' 
methods,  the  cuff  being  left  in  position  on  the  arm  during  the  exercise. 

It  has  been  found  that  ihe  determining  factor  in  the  heart's  response  does 
not  depend  on  the  j)articular  group  oi  contracting  muscles,  but  on  the  actual 
amount  of  work  i)erformed  (i.e.,  the  foot  jiounds  of  work).  Lifting  dumb 
bells,  walking  a  certain  distance,  or  c]iml)ing  stairs  at  a  certain  rate  are  all 
equally  suitable  methods  of  investigation.  The  most  practical  method  would 
appear  to  be  to  "lift  twent\-])ound  dunib-bclls  from  the  tloor  to  the  full  strclch 
of  the  arms  aboxe  the  head,  swinging  tlu-ni  in  one  motion  up  and  in  one  motion 
down,  the  com])lete  movement  occuiiying  two.  ilnci',  loui'  oi"  more  seconds 
(guided  by  a  metronome)."  'iMie  mo\cnicnl  is  rt'peatcd  Irom  sexcn  to  sixty 
times,  and  its  rate  is  goxerncd  according  to  llu-  capacity  of  the  suhjcct,  the 
limit  being  taken  as  the  exercise  that  is  enough  to  induce  distress  of  breathing 
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and  some  fatigue.  Each  individual  repeats  the  exercise  on  different  days,  and 
curves  averaging  the  results  obtained  at  each  test  are  taken  as  characteristic  for 
that  individual. 

Both  pulse  rate  and  blood  pressure  are  of  course  increased  during  the 
exercise,  and  it  is  with  regard  to  the  immediate  after-effect  that  the  tests  are 
concerned.  Barringer  states  that  in  normal  persons  both  pulse  and  pressure 
rapidly  return  to  normal  when  the  first  observations  are  taken  within  30  seconds 
after  the  work,  tmless  an  amount  of  work  has  been  performed  that  is  in  excess 
of  the  heart's  capacity,  in  wliich  case  the  blood  pressure  does  not  reach  its 
maximal  height  until  later  than  30  seconds  after  the  work  is  discontinued, 
although  meanwhile  the  pulse  rate  has  returned  almost  to  normal.  According 
to  this  author  the  delayed  rise  in  blood  pressure  always  occurs  after  a  certain 
amount  of  work  (measured  in  foot  pounds),  and  it  does  not  vary  in  a  given 
individual  from  day  to  day  and  is  independent  of  the  muscle  group  performing 
the  work.  But,  whereas,  in  normal  persons  several  thousand  foot  pounds  of 
work  can  be  done  without  the  delayed  rise,  a  few  hundred  foot  pounds  will 
cause  it  to  appear  in  a  cardiac  case.  Improvement  in  the  heart's  action  is 
evidenced  by  finding  that  the  amount  of  work  which  can  be  performed  before 
a  delayed  rise  ensues  becomes  greater  and  greater.  In  brief,  then,  Barringer 
believes  that  the  "delayed  rise  in  systolic  pressure  indicates  that  the  preceding 
work  has  exceeded  the  limit  of  the  heart's  reserve  power." 

The  results  of  Rapport,  Cotton  and  Lewis  do  not  entirely  agree  with  those 
of  Barringer.  By  taking  the  pressure  measurements  at  more  frequent  intervals 
(the  first  one  being  taken  from  3  to  10  seconds  after  the  exercise),  these 
authors  have  found  that  the  blood  pressure  is  usually  only  a  little  above  the 
normal  immediately  after  the  exercise,  but  that  it  then  invariably  mounts  to  a 
certain  level  which  is  more  or  less  proportional  to  the  amount  of  the  preceding 
exercise,  and  which  is  reached  in  from  2  to  60  seconds  after  the  discontinuance 
of  the  work.  The  pressure  thereafter  gradually  declines,  to  reach  the  normal 
in  from  1  to  A^A  minutes.  In  general  the  curves  of  blood  pressure  are  identical 
in  form  for  normal  and  cardiac  cases.  Such  differences  as  exist  are  quantita- 
tive and  not  qualitative.  Thus,  untrained,  normal  subjects,  by  lifting  twenty- 
pound  bells  forty  to  sixty  times  in  double  the  number  of  seconds  will  usually 
cause  the  pressure  to  rise  to  about  160  mm.  Hg.  and  the  pulse  to  about  170  per 
minute.  A  cardiac  case  will  show  equal  responses  after  much  less  work,  or,  if 
the  work  be  the  same,  both  pulse  and  pressure  will  rise  much  higher  and  take  a 
much  longer  time  to  return  to  normal.  These  investigators,  in  contradictioi 
to  Barringer,  find,  however,  that  the  summit  of  the  blood  pressure  curve  is 
not  delayed. 

It  does  not  greatly  concern  us  at  present  as  to  which  of  the  investigators 
has  most  accurately  described  the  essential  characteristics  of  the  responses.  The 
important  thing  is  that  another  method  for  testing  the  efficiency  of  the  cardio^ 
vascular  mechanism  should  be  available,  and  one  which  requires  no  such  higl 
degree  of  technical  skill  as  the  polygraph  and  electrocardiograph.  Even  count-] 
ing  of  the  pulse  alone  following  exercise  supplies  important  information.  Thi^ 
was  shown  some  years  ago  by  Pembrey  and  Todd.*-  '    These  authors  found  thz 
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there  is  a  marked  difference  in  the  time  required,  after  a  short  bout  of  strenuous 
exercise  (running  up  and  down  stairs  for  thirt}'  seconds),  for  the  pulse  to 
return  to  its  normal  rate  in  athletically  trained  as  compared  with  untrained  men. 
Immediately  after  the  exercise  in  the  former  group  the  rate  was  about  120,  and 
it  had  become  normal  again  five  minutes  later.  In  untrained  men,  on  the  other 
hand,  the  rate  increased  to  about  160,  and  was  still  about  96  five  minutes  later. 
Meakins  and  Sanson'^  have  found  this  method  useful  in  the  clinic.  Any  type 
of  simple  exercise  can  be  adopted,  but  it  must  always  be  of  the  same  degree  so 
that  comparison  of  the  reactions  of  different  individuals  may  be  possible. 
Marching  a  certain  distance  at  quick  time  followed  by  stair  climbing  (eighteen 
feet)  furnished  the  exercise.  Before  the  exercise  a  sphygmograph  was  attached 
to  the  wrist,  with  the  patient  sitting,  and  a  tracing  taken  from  which  the  pulse 
rate  was  counted  during  six-second  periods.  The  sphygmograph  was  dis- 
connected but  the  wristlet  left  in  position  during  the  exercise,  and  immediately 
after  it  the  patient  was  again  made  to  sit  and  the  sphygmograph  reapplied.  The 
important  point  in  the  technic  is  that  the  pulse-counting  can  be  done  accurately 
for  short  periods  of  time  (six  seconds)  immediately  following  the  exercise. 
The  counting  was  continued  until  the  rate  per  minute,  as  estimated  from  six- 
second  periods  on  the  tracing,  had  returned  to  normal.  It  was  found  in  cases 
of  irritable  heart,  not  only  that  the  pulse  rate  was  greater  both  immediately 
before  and  after  the  exercise,  but — and  most  significantly — it  took  much  longer 
than  usual  for  the  rate  to  regain  the  normal  after  discontinuance  of  the  exercise. 
The  palpitation  experienced  by  the  cardiac  cases  was  in  direct  proportion  to  the 
length  of  time  the  pulse  rate  took  to  return  to  normal.  In  general  the  cases 
in  which  the  pulse  rate  returned  to  normal  within  one  minute  had  little  or  no 
cardiac  distress.  The  importance  of  the  method  rests  in  its  simplicity,  as  the 
patient  can  be  observed  readily  from  day  to  day  and  the  eft'ect  of  graduated 
exercise  on  the  heart's  efficiency  properly  studied. 

The  investigations  are  such  as  to  indicate  that  simple  quantitative  tests 
applied  following  exercise  are  of  decided  value  in  testing  the  functional  capacity 
of  the  heart.  It  would  of  course  be  desirable  that  all  investigators  should  adopt 
uniform  standards,  not  only  for  the  exact  type  of  exercise  employed,  but  also 
for  the  methods  used  and  the  frequency  of  measurement. 
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Colonel  George  E.  Bushnell,  Medical  Corps 

MEMBERS  of  the  medical  profession  of  this  country  are  all  familiar  witb, 
the  names  of  brethren  famous  in  medical  schools  in  large  cities  and  with 
those  prominent  in  medical  literature.  Few  physicians  knew  that  the  best 
and  most  learned  authority  on  pulmonary  tuberculosis  was  to  be  found  in  the 
Aledical  Corps  of  the  Army. 

About  a  year  ago  when  the  United  States  entered  the  great  war  for 
liberty,  reports  were  reaching  us  that  pulmonary  tuberculosis  was  widespread 
among  the  French  troops  and  alarming  among  the  civilian  population  of  France. 
Would  our  army  face  similar  danger  was  at  once  the  thought  of  those  inter- 
ested in  this  disease. 

The  Surgeon-General  was  fortunate  in  having  at  hand  an  adviser  almost 
unknown  to  the  general  medical  profession  but  known  to  them  today  as  a 
master  in  this  disease,  Colonel  George  E.  Bushnell.  For  fourteen  years  at  the 
army  tuberculosis  institution  at  Fort  Bayard,  Xew  Mexico,  Bushnell  had  been 
studying  and  investigating  in  a  most  scholarly  manner  the  field  of  tuberculosis. 
There  was  certainly  no  want  of  preparedness  in  this  field  when  war  came. 

In  June,  1917,  a  paper  by  Bushnell,^  entitled  "Tuberculosis  in  the  Military 
Service,"  appeared  in  The  Military  Surgeon.  This  paper  was  recently  described 
by  SewalF  as  "replete  with  learning  and  analytical  acumen."  Revealing  pro- 
found thought  and  study,  it  has  furnished  the  knowledge  and  counsel  by  which 
upwards  of  a  million  men  ha^•e  been  examined  by  members  of  the  Medical! 
Reserve  Corps   constituting  Tuberculosis   Boards. 

Bushnell,  a  graduate  in  arts  and  in  medicine  of  Yale  University,  has  been 
in  the  Medical  Corps  since  1881.  In  lOQl,  while  on  duty  in  the  Surgeon- 
General's  office,  he  developed  ])ulmonary  tuberculosis  and  spent  a  short  time  at 
Asheville,  N.  C.  In  1902  he  was  j)laced  on  duty  as  surgeon  at  Fort  Logan, 
Colorado,  and  the  following  year  assumed  command  at  Fort  Bayard.  From  his 
colleague.  Colonel  Bruns,  we  learn  that  while  at  Fort  Bayard,  Bushnell  intro- 
duced the  open  air  and  rest  treatment  for  tuberculosis,  practically  rebuilt  the 
entire  hospital,  planned  all  the  landscape  gardening,  raised  a  great  many  of  the 
trees  from  seed,  and  worked  incessantly,  developing  every  phase  of  the 
institution. 

A  great  service  was  rendered  to  the  countr}-  generally  when  a  few  years  ag< 
llushnell''  published  an  important  contribution  to  counter  the  growing  public- 
fear  of  tubercle  infection  in  adult  life.  A  recent  publication*  by  the  samt 
writer  shows  how  exaggerated  too  were  the  first  reports  of  tuberculosis  that 
reached  us  from  France.  The  clinical  investigations  of  the  healthy,  as  well  a- 
the  diseased,  led  Bushnell"'-  ''  to  the  correct  miderstanding  and  interpretation  o1 
marginal  rales,  sternal  rales,  etc.  These  were  signs  that  had  long  confused  man} 
physicians  here  and  abroad  as  can  well  be  recognized  by  consulting  the  literature 

The  country  has  been  most  fortunate  in  having  Bushnell  called  to  head  tht 
Department  of  Internal  Medicine  in  the  Surgeon-Generals'  office  at  the  out 
break  of  the  war,  and  the  medical  men  who  have  been  connected  with  thi 
department   have   met    with    most    considerate    and   kindlv   treatment    and   havi 
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■ecognized  the  guiding  hand  of  a  master.  Though  he  retired  from  active  service 
m  account  of  age,  Sept.  10,  1917,  it  is  a  great  satisfaction  to  know  that  Colonel 
Bushnell  is  still  in  charge  of  this  most  important  work. 

It  must  be  a  wonderful  gratification  to  this  medical  officer  that  after  a 
ife  of  preparation  for  such  a  role  the  country's  call  came  for  the  exercise  and 
lelp  of  his  many  natural  and  acquired  talents. 

"A^on  sibi  sed  ioti." 
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Further  Researches  on   the  Physiology  of  the  Adrenals 

\  YEAR  ago  an  editorial  in  these  pages  reviewed  the  work  of  Stewart 
t\  and  Rogofif  on  the  physiology  of  the  adrenals.  Using  the  denervated  iris, 
vhich  responds  with  dilation  to  very  small  doses  of  adrenalin  as  a  test  for 
;pinephrin  in  the  blood,  these  authors  were  unable  to  confirm  the  general 
mpression  which  recent  work  had  created,  that  the  adrenals,  besides  con- 
inually  secreting  some  epinephrin  into  the  blood,  act  as  auxiliary  organs  to  the 
ymi)hathetic  system  and  in  times  of  stress  pour  out  an  increased  amount  of 
pinephrin  into  the  blood,  producing  thereby  an  increase  in  the  blood  pressure 
nd  muscular  power,  and  decreasing  the  clotting  time  of  the  blood.  They  have 
ince  then  published  a  number  of  researches  which  add  much  to  our  knowledge 
'f  the  adrenals,  and  also  throw  additional  doubt  on  the  \alidity  of  the  cm-rent 
heories  of  adrenal  function. 

Stewart  and  Rogoff  have  sought  for  the  various  factors  which  are  alleged 
0  influence  the  secretion  of  epinephrin  l)y  collecling  ihe  l)l<)o(l  llow  ing  from  the 
drenal  glands  in  a  i)ocket  niade  from  the  lower  portion  of  the  vena  cava  and 
esting  for  cpinejthrin  by  the  classic  methods,  viz:  the  inhibition  of  the  move- 
lents  of  the  rabbit's  intcsline  and  the  contraction  of  the  rabbit's  uterus.  They 
nd  that  the  rate  of  secretion  of  epinephrin  is,  under  ordinary  conditions,  \ery 
onstant,  and  is  not  influenced  by  jiainful  slinnilation  of  large  nerves  or  by 
sphyxia.  The  concentration  in  which  it  occurs  in  the  blood  is,  however,  found 
)  be  inversely  proportional  to  the  amotml  of  blood  llow  ing  ihrough  the  adrenals, 
nd  for  this  reason  they  point  otit  that  any  calculation  of  llie  amount  of  epine- 
hrin  secreted  must  not  be  based  on  the  concentralioii  roinul  in  a  sanipK'  of  blood 
sumg  from  the  adrenal  \ein  without  taking  into  considt-ralion  tlir  amount  of 
lood  flowing  through  the  adrenals. 
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Cats  in  which  the  nerve  supply  to  the  adrenal  glands  had  been  severed 
remained  well  and  apparently  normal  for  as  long  as  five  weeks,  wdien  they  were 
purposely  sacrificed.  The  epinephrin  reactions  obtained  on  the  iris  or  on  the 
blood  pressure  showed  an  absence  of  the  secretion.  The  authors  believe,  there- 
fore, that  epinephrin  is  not  indispensable  to  the  body,  and  moreover  that  its 
secretion  is  entirely  under  nervous  control. 

They  have  also  investigated  the  alleged  relationship  of  the  secretion  of 
epinephrin  to  certain  hyperglycemias,  and  in  cats  in  which  the  secretion  of 
epinephrin  was  rendered  impossible  through  section  of  the  splanchnic  on  one 
side  and  the  removal  of  the  adrenal  on  the  other,  they  have  failed  to  find  evi- 
dence that  hyperglycemia  produced  experimentally  by  anesthesia,  asphyxia,  or 
by  alleged  emotional  stress,  is  less  than  in  normal  animals. 

The  normal  physiologic  function  of  epinephrin,  if  it  has  any,  is  appar- 
ently still  in  the  dark.  The  simple  and  highly  active  hormone  which  was 
thought  to  regulate  and  augment  so  many  and  such  varied  physiological  proc- 
esses, becomes  again  a  physiologic  problem. 

For  further  details  see  paper  by  Rogoff  in  the  January  issue  of  this  Journal. 

~R.  G.  P. 


Acapnia  and  Shock 

SHOCK  is   a   condition   of   low   vitality  bordering   on   death.      Of   its   man},; 
symptoms  some  are  primary,  in  the  sense  that  they  are  dependent  upon  the 
initial  disturbance  causing  the  condition,  and  some  are  secondary,  being  mereh 
the  inevitable  consequence  of  the  physiologic  depression.     The  first  step  in  th( 
investigation  of  the  cause  of  shock  hinges  on  a  correct  differentiation  betweei 
the  two  classes  of  symptoms.     Low  blood  pressure,  nerve  cell  fatigue,  acidosis 
depletion  of  the  alkaline  reserve,  etc.,  to  name  only  a   few  of  the  prominen 
symptoms,  has  each  in  turn  been  exploited  as  the  primary  cause  of  shock,  bu 
although  all  of  these  symptoms  may  be  causative  in  a  certain  sense,  no  one  cai 
be  pointed  to  as  occupying  so  conspicuous  a  position  in  this  regard  that  remedin 
means,    capable   of   removing   it   thereby   also  cause    recovery    from    the    shod 
itself.    The  blood  pressure,  always  low,  may  be  temporarily  raised  and  the  patier 
rally  so  long  as  the  restoration  lasts,  or  the  administration  of  alkali,  as  bicai 
bonate  may,  as  Cannon  reports,  produce  definite  improvement ;  but  even  so,  thi 
does   not  indicate   that  the   cause   of   shock   is   the   low   blood   pressure   or  tli 
bicarbonate  deficiency.    When  we  maintain  life  for  sometime  longer  in  an  anim; 
moribund  from  starvation  by  placing  it  in  an  incubator  so  as  to  prevent  fall  i 
body  temperature,  we  do  not  thereby  prove  that  the  fall  of  temperature  is  tli 
cause  of  death.     In  a  complicated  clinical  condition  like  shock,  where  there  ai 
many  conspicuous  subjective  symptoms,  each  new  objective  symptom,   as  it 
discovered  by  the  applictaion  of  more  refined  means  of  diagnosis,  is  certain  t 
be  heralded  as  the  progenitor  of  all  the  other  symptoms ;  it  is  pronounced  t! 
cause  of  shock. 

•Vnd  there  is  another  aspect  of  the  problem  which  one  must  not  pass  by- 
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namely,  the  failure  to  explain  why  it  is  that  the  particular  symptom  that  is 
supposed  to  be  "the  cause"  should  not  infrequently  be  prominent  in  other 
diseases  in  which,  however,  "shock"  is  absent.  An  animal  with  the  spinal  cord 
severed  above  the  level  at  which  the  vasoconstrictor  fibers  leave,  and  in  which 
therefore  the  blood  pressure  is  extremely  low,  shows  no  symptom  of  shock  in 
the  portions  of  the  body  anterior  to  the  lesion.  Neither  is  there  shock  when  the 
alkaline  reserve  of  the  blood  is  greatly  depleted,  as  in  severe  nephritis  or  diabetes. 
Other  symptoms,  it  is  true,  develop  but  they  are  not  those  of  shock. 

These  preliminary  remarks  will  serve  to  introduce  the  main  subject  of  this 
editorial — the  relationship  of  acapnia  to  shock.  Some  ten  years  ago  Yandell 
Henderson  announced  that  shock  is  closely  dependent  upon  a  deficiency  in  the 
amount  of  carbonic  acid  in  the  blood,  usually  brought  about  by  excessive  re- 
moval of  COo  by  way  of  the  lungs;  a  "blowing  off"  of  the  volatile  acid  of  the 
blood.  It  was  claimed  that,  in  the  shock  following  stimulation  of  sensory  nerves, 
the  "blowing  off"  occurs  because  of  the  hyperpnea  thereby  induced,  whilst 
in  abdominal  operations  dift'usion  of  CO,  from  the  exposed  peritoneum  into 
the  air  is  an  important  factor.  The  proof  offered  in  support  of  these  claims 
was,  partly,  that  the  blood  analyzed  by  the  Haldane-Barcroft  apparatus  con- 
tained a  low  per  cent  of  COo,  and  partly,  that  the  shock  could  be  prevented  dur- 
ing excessive  pulmonary  ventilation  by  maintaining  a  fair  percentage  of  CO,  in 
the  inspired  air,  or  in  abdominal  operations  by  taking  precautions  to  prevent 
diffusion  of  CO,  from  the  exposed  viscera.  The  investigations  showed  that  a 
low  content  of  CO,  in  the  blood  is  at  least  one  of  the  prominent  accompaniments 
of  certain  forms  of  experimental  shock,  but  that  it  is  not  the  cause  of  the  con- 
dition as  met  with  in  man,  was  amply  shown  by  other  observers,  on  the  one 
hand,  by  the  fact  that  shock  may  develop  in  cases  where  the  breathing  instead 
of  being  exaggerated  is  from  the  beginning  infrequent  and  shallow  ;  and  on  the 
other,  by  the  failure  to  remedy  the  shock  by  causing  the  patient  to  respire  in  a 
COj-rich  atmosphere.  Temporary  improvement  accompanied  by  increased  res- 
piration might  result  from  this  treatment,  an  observation  which  is  no  more 
remarkable  than  that  the  respirations  in  many  cases  of  Cheyne-Stokes  (periodic) 
breathing  should  become  regular  when  the  patient  is  made  to  respire  in  a  CO,- 
rich  atmosphere.  In  such  a  case  it  is  recognized  that  we  do  no  more  than  tem- 
porarily excite  the  depressed  respiratory  center;  we  do  not  remoxe  the  cause  of 
the  depression;  we  only  alleviate  one  symptom  resulting  from  it. 

F(jr  these  and  many  other  reasons  the  acapnia  theory  of  shock  was  tligni- 
fied  some  eight  years  ago  by  an  apparently  adecjuate  burial,  but  Irom  iho  re- 
mains has  now  sprung  into  being  a  new.  reincarnated  acapnia  theory,  with  its 
birthplace  in  the  images  of  one  of  our  most  excellent  scientific  journals,  the 
Journal  of  Binlocjical  Chemistry}  Surely  the  reincarnated  iuf.inl  is  blessed  by 
the  environment  of  its  birth. 

In  its  revised  form,  acapnia  is  dc  lined  as  a  delicicncy  not  merely  in  the 
amount  of  CO^  in  the  blood,  but  also  in  the  capacit\-  of  the  blood  lo  ab-^orb  this 
gas.  Under  the  old  delinition  it.  was  evidently  assumed  that  there  might  be  a 
deficiency  of  CO,  without  an  accomjianying  ctn-tailment  of  CO,-binding  power 
of  the  blood,  and  acknowledgment  is  made  to  \'an  v^lyke  and  his  collaborators 
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for  "the  conception"  of  the  alkahne  reserve  which  has  prompted  the  new 
definition.  In  so  far  as  acapnia  acts  as  a  causative  factor  in  shock,  it  would 
appear  from  the  new  definition  that  it  is  the  depletion  of  alkaline  reserve  rather 
than  the  diminution  in  actual  CO^  content  that  is  important.  It  is,  however, 
somewhat  difficult  to  see.  from  their  papers  what  the  authors  really  mean  and 
their  results  do  not  contribute  any  facts  which  were  not  perfectly  self-evident  in 
the  previous  papers  of  Henderson   himself. 

Briefly  stated  the  experimental  procedure  adopted  in  the  present  research 
consisted  in  removing  arterial  blood  from  dogs  subjected  to  various  conditions 
that  we  know  to  cause  increased  or  diminished  excretion  of  COo  by  way  of 
the  lungs,  and  determining  in  this  blood  first,  the  actual  COo  content,  and 
secondly,  the  CO,  content  after  exposing  the  blood  in  a  suitable  apparatus  to 
an  atmosphere  containing  a  known  percentage  of  CO,.  Comparison  of  the 
results  of  the  two  determinations  indicates  to  what  extent  the  CO,  absorbing 
power  of  the  blood  is  satisfied,  whereas,  those  of  the  second  method  taken  alone 
give  us  the  same  information  as  the  now  well-known  Van  Slyke  method — 
namely,  the  reserve  alkalinity  or,  as  the  authors  call  it,  the  CO,  capacity  of  the 
blood.  The  alveolar  air  was  also  collected  for  analysis  in  a  few  of  the  experi- 
ments by  the  uncertain  Higgins-Plesch  method.  In  the  first  series  of  experi-' 
ments,  the  effect  of  raising  the  COo  of  the  blood  was  investigated  when  the 
CO.j  tension  of  the  alveolar  air  was  raised  either  by  decreasing  the  extent  of 
pulmonary  ventilation  through  depression  of  the  respiratory  center  by  means  of 
morphine,  or  by  causing  the  animals  to  respire  into  a  bag  containing  5  or  6 
per  cent  CO,.  The  increase  in  the  COo  of  the  alveolar  air  promptly  caused  an 
increase  in  the  COo  content  of  the  blood,  followed  later  by  an  increase  in  COg 
capacity.  In  only  one  of  the  experiments,  and  in  this  case  the  rectal  tempera- 
ture was  very  low,  did  the  capacity  come  up  to  the  actual  amount  even  after 
several  hours.  In  other  words,  there  was  constantly  present  in  the  blood  a 
ratio  between  HoCOg  and  NaHCOg  which  w^as  distinctly  greater  than  V2O)  under 
w'hich  conditions,  as  R.  W.  Scott'  has  shown  in  this  laboratory  there  is  a  readily 
recognizable  increase  in  the  H-ion  concentration  of  the  arterial  blood.  In  one 
experiment  (Xo.  10)  the  respired  air  contained  a  very  high  percentage  (20)  of 
COo',  so  that  the  total  CO,  of  the  blood  rose  to  80  and  the  CO,  capacity  to  74; 
and  when  the  breathing  bag  was  removed  and  air  again  respired,  the  animal 
underwent  apnea,  because,  it  is  said,  "the  alkali  content  of  the  blood  had  been 
raised  so  high  that,  when  the  abnormally  high  pressure  of  CO,  was  withdrawn, 
the  respiratory  center  lacked  an  adequate  stimulus." 

These  experiments  bring  out  absolutely  nothing  new.  Zuntz  many  years 
ago  showed  that,  when  CO,  is  added  to  blood  the  bicarbonate  content  is  in- 
creased, and  more  recently  R.  W.  Scott-  by  comparison  of  the  H-ion  concen- 
tration and  the  COo  content  demonstrated  that,  when  the  total  COo  content  of 
the  blood  is  raised  by  breathing  COo-rich  air,  the  ratio  between  H0CO3  and 
NaHCO.o  becomes  raised  but  the  increase  in  NaHCOg  lags  behind  that  of 
HoCO ,.  Under  the  conditions  of  Henderson's  and  Haggard's  experiments,  there- 
fore, there  must  have  been  an  elevation  in  the  H-ion  concentration  of  the 
blood — a  carbon-dioxide  acidosis. 
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In  the  next  paper  experiments  are  described  in  which  the  CO,  content  of 
the  blood  was  experimentahy  lowered,  and  it  is  shown  that  the  COo  capacity  also 
became  depressed.  To  lower  the  COo,  hyperventilation  was  induced  by  ad- 
ministering ether  in  such  a  way  that  there  was  constant  hvperpnea,  which 
"washed  out"  or  "blew  off"  the  CO..  of  the  blood.  If  this  was  allowed 
to  go  on  until  the  COo  content  and  capacity  had  fallen  to  about  33, 
irrecoverable  shock  occurred.  When  the  ether  was  properly  given,  so  as  to 
produce  deep  anesthesia  without  preliminary  hyperpnea,  no  decrease  in  the  CO2 
content  or  capacity,  rather  an  increase,  was  observed,  but  no  shock.  Xor  was 
there  any  shock  produced  by  faulty  etherization  when  the  respired  air  con- 
tained COo  in  sufficient  percentage  to  maintain  the  normal  level  of  COo  content 
and  capacity  in  the  blood.  Even  when  a  considerable  depression  had  already 
occurred,  the  normal  level  could  be  restored  by  breathing  a  COo-rich  atmos- 
phere, provided  the  depression  had  not  reached  to  from  33  to  36  per  cent  COo. 

These  experiments  again  are  merely  confirmatory  of  those  of  Milroy,^  who 
showed  that  a  definite  fall  in  hydrogen  ion  of  the  blood  resulted  from  forced 
ventilation,  which,  however,  was  not  the  case  when  the  air  was  rich  in  COo.  It 
necessarily  follows,  as  has  been  explained  above,  that  there  must  be  a  fall  in 
XaHCOo  under  these  conditions.  The  point  which  the  authors  ^\■ould  particu- 
larly emphasize  is  that  ether  per  se  does  not  produce  "acidosis"  by  some  ob- 
scure effect  on  metabolism.  Why  this  fact  should  be  given  more  prominence 
than  that  a  condition  of  alkalosis  is  established,  is  difficult  to  comprehend.  Is 
it  meant  by  the  authors  that  the  process  by  which  the  alkali  leaves  the  blood  is 
dangerous  or  is  it  the  actual  decrease  of  the  absolute  amount  of  alkali  in  the 
blood?  It  is  much  more  likel}'  that  the  relative  excess  of  XaHCO,,  over  H0CO3, 
causing  depression  m   Ch,   is   in  part   responsible   for  the   shock-like   symptoms. 

Papers  are  also  contributed  to  show  the  already  well-known  fact  that  ex- 
cessive artificial  respiration  induced  in  other  ways  lowers  the  COo  content  of 
the  blood  and  of  course  the  COo  capacity,  there  being  at  the  same  time  a  fall  in 
arterial  pressure  with  the  reflexes  at  first  hyperactive  and  later  suppressed. 
\\'hen  the  hyperventilation  is  conducted  with  air  containing  6-8  per  cent  CO2, 
on  the  other  hand,  the  blood  CO,  does  not  fall  so  long  as  this  air  is  breathed. 
Only  one  experiment  of  this  last-mentioned  type  is  reported,  however,  and  in 
this  it  is  shown  that,  although  the  blood  pressure,  as  would  be  expected,  rises 
during  the  forced  ventilation,  it  falls  immediateh'  thereafter.  The  authors  at- 
tribute the  fall  to  chloretone,  whereas  the  fall  in  the  oilier  experiment,  also  on 
chloretonized  animals,  is  attributed  to  shock.     W  hy  the  difference? 

It  is  natural  to  conclude  that  since  excessive  hyperventilation  of  the  lungs 
by  artificial  res])iration  can  in  itself  (le]>rcss  the  blood  ])ressure,  so  also  will  the 
hyperpnea  produced  by  overactivitx'  of  the  respiratory  center  as  a  consequence 
of  stimulation  of  sensorv  nerves,  'i'he  sensory  nerves  stimulated  were  those  of 
the  ])eritoneum  around  the  (hiotU'num  in  animals  ruieslhetized  b_\'  morphine  and 
believed  therefore  not  to  experience  any  pain.  The  usual  results  w  ere  of  course 
obtained.  If  the  air  breathed  contained  a  high  ])ercenlage  of  C<  >.,  ho\\e\er,  the 
blood  jiressure  remained  normal  for  a  longer  lime  (in  Iwn  experiments),  al- 
though in  one  of  the  e.xiierimenls   (No.   1)   a  fatal  condition  of  ^hock,  with  con- 
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gested  intestines,  etc.,  supervened  (there  was,  however,  some  hemorrhage  in 
this  animal). 

In  short,  the  whole  series  of  papers  is  a  repetition  of  work  already  ptib- 
lished  by  Henderson  himself,  the  only  addition  being  that  the  alkaline  reserve  or, 
as  the  authors  prefer  to  term  it,  the  total  COo  capacity  of  the  blood  is  examined 
with  results  that  are  inevitable  from  the  accurately  controlled  work  of  other 
observers.  That  depression  in  the  COg  content  and  therefore  the  COo  capacity 
of  blood  occurs  in  certain  experimental  conditions  simulating  shock  as  met  with 
in  the  clinic,  and  that  it  does  not  occur  when  this  depression  is  artificially  pre- 
vented is  exactly  the  same  evidence  as  was  advanced  some  years  ago  in  favor 
of  the  theory  that  the  acapnia  is  a  causative  factor  in  shock.  There  is  no  reply 
to  the  many  objections  that  have  been  raised  to  the  hypothesis,  for  example, 
why  it  should  be  that  the  blood  of  patients  in  shock  often  contains  a  practically 
normal  COo-content  (Rendel  Short),  why  shock  may  occur  after  forced  arti- 
ficial respiration  in  animals  even  when  the  COo  content  of  the  blood  is  kept 
high  and  conversely,  why  it  should  often  be  absent  when  the  COo  of  the  blood 
is  persistently  very  low,  why  it  often  occurs  early  in  patients  (j/z  hour)  in 
whom  very  little  hyperpnea  is  present,  and  in  patients  anesthetized  by  a  face 
mask  (Clovers)  which  would  cause  thfem  to  rebreathe  considerable  percentages 
of  COo,  and  so  on. 

From  the  biochemical  standpoint,  the  conclusion  may,  however,  be  drawn 
that  excessixe  depletion  of  free  COo  of  the  blood  will  cause  .1  temporary  condi- 
tion of  alkalosis,  because  it  will  take  some  time  before  the  alkaline  reserves  will 
lower  themselves  to  the  new  level.  \Miether  this  in  itself  can  bring  on  a  condi- 
tion of  shock  is  doubtful,  for  we  have  repeatedly  injected  enormous  quantities 
of  alkali,  sufficient  to  lower  the  H-ion  concentration  for  considerable  periods  of 
time,  without  any  shocklike  symptoms  supervening.  During  this  period  of 
lowered  H-ion  concentration  it  is  natural  to  expect  that  there  should  be  a 
depression  of  many  physiologic  functions  and  particularly  of  the  nerve  centers 
whose  tone  or  activity  is  known  to  be  highly  sensitive  to  H-ion  concentration. 
The  condition,  however,  is  not  shock.  The  temporary  alkalosis  can  be  remedied 
by  adding  acid  to  the  blood,  and  probably  the  most  convenient  way  to  do  this 
is  by  inhalation  of  COg-rich  air,  although  exactly  the  same  results  are  attained 
by  injecting  faintly  acidified  saline  solution  intravenously. 

\\'e  would  sum  up  by  saying  that  this  new  work  of  Henderson  and  Hag- 
gard is  a  repetition  of  experiments  of  the  same  nature  as  those  by  which  it  was 
attempted  to  show  that  acapnia  is  an  im]iortant  causative  factor  in  shock.  No 
new  fact  is  contributed  to  controvert  the  many  objections  that  have  been  raised 
against  the  theory. 
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THE  PATHOLOGY  OF  THE  SKIN  LESIONS  PRODUCED  BY  MUSTARD 
GAS  (DICHLORETHYLSULPHIDE)* 


By  Aldred  Scott  Warthix,  Ph.D.,  M.D.,  axd  Cari,  Verxon  W'eller,  M.D., 

Ann  Arbor,  Mich. 


THE  great  AA'orld  War  has  been  epoch-making  in  many  ways  and  in  no  way 
more  remarkable  than  in  the  introduction  of  poisonous  gases  as  agents  of 
warfare.  First  used  with  notable  effects  by  the  Germans  in  the  Spring  of  191o, 
they  have  since  been  employed  by  the  Allied  forces  as  well.  Gas  attacks  have 
become  frequent  features  of  the  conflict  on  both  sides ;  and  as  a  military  agent 
poison  gas  may  be  regarded  as  more  effective  than  the  use  of  artillery.  "Gass- 
ing" has  come  to  be  more  feared  than  the  missiles  of  warfare.  Alany  kinds  of 
poisonous  gas  have  been  used  by  the  Germans,  some  of  them,  no  doubt,  more 
or  less  experimentally;  but  of  all  of  those  employed  the  most  im])()rtant  one, 
lx)th  as  to  quantit}-  and  effective  results,  has  been  "mustard  gas"'  (dichlorethyl- 
sulphide).  This  was  first  used  on  a  large  scale  at  ^'pres,  July  12-13,  1917;  and 
at  times  thousands  of  shells  containing  hundreds  of  tons  of  this  gas  have  been 
fired  in  relati\ely  short  ])eriods.  Exact  data  as  to  the  results  can  not  at  jiresent 
be  made  public. 

Dichloretliylsulphide    ( thiodiglyculcliloride ), 

CH,.CH.,.C1 
S^ 

s^ 

CTL,.CH,.C1 

was  first  made  by  Victor  Me\er'  in  bSS^i.  lie  described  it  as  a  hcav\-  oil\-  fluid 
'inking  below  water  and  not  miscible  with  it,  of  neutral  reaction,  having  a  faint, 
sweetish,  ethereal  odor  but   slightly  suggestive  of  the  snljihur  compounds,  and 

'From    the    Dcparlniciit    of    I'alliology,    t  iiivtr.sity    of    iMicliigaii,    .\iiii    Ailmr,    Mich. 


448  the;  journal  of  laboratory  and  clinical  medicine; 

with  a  boiling  point  of  217°  C.  He  at  once  recognized  the  specific  toxic  prop- 
erties of  the  substance  from  the  fact  that  a  laboratory  worker  engaged  in  mak- 
ing it,  suffered  from  a  severe  skin  eruption  and  a  transitory  conjunctivitis.  As 
Meyer  himself  was  not  affected  by  exposure  to  the  substance,  he  concluded 
that  individual  susceptibility  to  it  must  vary  greatly.  Animal  experiments  were 
carried  out  as  follows :  Two  medium-sized  rabbits  were  confined  three  to  four 
hours  in  a  closed  cage  ventilated  by  a  moderately  strong  current  of  air  passing 
through  a  glass  tube  containing  strips  of  blotting  paper  saturated  with  tliiodi- 
glycolchloride.  The  animals  became  restless,  rubbed  their  noses  frecjuently  with 
their  feet.  The  nose  and  conjunctiva  became  reddened,  and  the  eyes  moist. 
Perspiration  appeared  to  be  increased.  On  the  following  day  both  eyes  were 
severely  inflamed,  the  lids  glued  together  with  purulent  secretion.  Marked 
snuffles  developed,  the  lobes  of  the  ears  were  much  swollen,  and  the  auditory 
passages  showed  a  purulent  inflammation.  On  the  evening  of  the  third  day  the 
animals  died  of  a  severe  pneumonia  diffused  throughout  both  lungs.  A  strong 
rabbit  that  had  inhaled  the  vapor  of  the  substance  for  a  few  hours  through  a 
tracheal  fistula,  without  exposure  of  the  surface  of  the  body  to  these  vapors, 
died  of  a  widespread  pneumonia  on  the  evening  of  the  same  day  before  other 
symptoms  had  appeared. 

In  rabbits  in  which  the  unbroken  skin  of  the  top  of  the  ear  had  been  touched 
with  a  fine  brush  containing  a  small  amount  of  the  chloride  the  site  of  the  appli- 
cation showed  no  direct  effects,  but  the  entire  ear  became  markedly  swollen, 
and  in  one  case  a  profuse  purulent  inflammation  arose  from  the  bottom  of  the 
auditory  passage.  In  this  case,  the  material  could  not  have  accidentally  entered 
the  auditory  canal  owing  to  the  small  amount  used  and  the  fact  that  it  was 
applied  to  the  outer  surface  of  the  ear.  In  one  case  in  which  the  skin  was 
scraped  by  the  removal  of  the  hair  from  the  ear  tip,  the  chloride  applied  by 
means  of  the  brush  caused  an  especially  severe  suiipuration  at  this  point,  and 
also  a  marked  swelling  of  the  whole  ear  and  inflammation  of  the  eyes. 

After  subcutaneous  injection  of  about  two  drops  of  the  chloride  into  the 
back  of  a  rabbit,  there  developed  inflammation  of  both  eyes,  very  severe  snuf- 
fles, and  on  the  third  day  death  from  pneumonia.  At  the  point  of  injection  no 
effects  were  apparent. 

The  experiments  were  discontinued  because  of   similar  unpleasant   effects! 
upon  those  engaged  in  the  investigation.     Meyer  concluded  that  the  most  severe 
action  of  the  chloride  develops  only  after  its  entrance  into  the  blood.     Prelimi- 
nary experiments  with  the  glycol  and  the   sulphide   showed   these   to   be   non-j 
poisonous. 

In  1887,  Meyer-  stated  that  experimental  animals  surviving  after  applica-l 
tion  of  thiodiglycolchloride  (dichlorethylsulphide)  to  the  ear,  showed  a  per- 
sistent profuse  suppuration  and  complete  necrosis  and  falling  oft'  of  the  earl 
after  a  few  weeks.  Because  of  the  marked  toxic  action  of  the  dichlorethylsul-j 
phide,  physiologic  tests  were  made  of  the  monochlorethylsulphide.  This  was! 
found  to  possess  poisonous  properties  like  those  of  the  dichlorethylsulphide,  but| 
less  marked  in  intensity.  In  the  comparison  of  these  two  substances  and  ethyl- 
sulphide,  the  chlorine- free  sulphide  was  found  to  be  harmless.     The  toxicity  of] 
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the  mono-  and  dichlorethylsulphides,  therefore,  depends  entirely  upon  the  chlo- 
rine content. 

From  188"  up  to  the  last  year,  the  poisonous  nature  of  dichlorethylsulphide 
seems  to  have  attracted  little  attention  in  either  chemical  or  medical  literature. 
Since  its  use  as  a  poison  gas  in  warfare,  the  name  "mustard  gas"  has  been 
almost  universally  applied  to  it  because  of  the  faint  mustard-like  odor ;  and  from 
the  war  literature  and  war  reports  further  knowledge  of  its  toxic  action  has 
been  gained. 

The  symptoms  of  mustard  gassing  are  described  in  the  British  Army  Re- 
ports as  follows :  Initial  tendency  to  sneeze  without  irritation  of  eyes  or  lacri- 
mation,  with  a  gradually  increasing  nose  and  throat  irritation,  followed  after 
about  twelve  hours  by  a  free  discharge  of  mucus  from  nostrils,  painful  irritation 
and  inflammation  of  eyes,  and  occasionally  vomiting.  Many  men  had  pain  in 
forehead  and  stomach.  Small  blisters  may  form  on  face  and  neck;  the  skin 
between  thighs  is  occasionally  red,  sore  and  sometimes  blistered.  Contact  with 
fragments  of  shells  and  with  the  earth  near  shell  holes  may  cause  blistering 
through  the  clothes.  None  of  these  lesions  manifests  itself  at  once,  they 
develop  after  several  hours.  The  pain  in  the  eyes  may  lessen  after  twenty-four 
hours,  although  acute  inflammation  may  persist  several  days.  In  severe  cases 
bronchitis  and  pneumonia  may  develop  after  thirty-six  to  forty-eight  hours. 
There  are  usually  no  deaths  under  twenty-four  hours.  Prolonged  exposure  to 
small  concentrations  of  the  gas  cause  laryngitis  and  loss  of  voice,  sufficient  to 
put  men  out  of  action.  Of  the  men  aflfected  practically  all  have  conjunctivitis, 
about  95  per  cent  have  throat  and  lungs  affected,  and  about  70  per  cent  show 
skin  burns.  After  six  weeks  the  skin  lesions  are  usually  healed.  The  eye,  pul- 
monary, and  cardiac  conditions  recover  more  slowly. 

Giraud,"  in     November,   1917,  describes  the   early  symptoms  of  mustard- 

^as  poisoning,  dividing  them  into  three  groups :   eye   lesions,   respiratory  tract 

esions,  and  burns.     All  of  these  develop  slowly,  but  the  time  of   appearance 

varies  for  each  lesion.     The  eye  symptoms  appear  first,  within  six  to  twelve 

lOurs  and  are  fully  developed  at  the  end  of  twenty-four  to  forty-eight  hours. 

The  respiratory  affections  usually  appear  at  the  end  of  two  to  four  days.     The 

kin  lesions  fall  into  two  groups,  the  earlier  burns,  contemporaneous  with  the 

:onjunctivitis  or  preceding  it  and  later  burns.     The  early  burns  are  the  most 

evere.     The  later  burns  appear  at  the  end  of  four,  iivc,  eight,  ten  or  even  fif- 

een  days.     They  are  usually  without  danger.     The  three  groups  of  lesions  ni;iv 

:»e  found  singly  or  associated  in  the  same  individual.     Giraud  also  finds  that  the 

ye  lesions  are  most  common,  then  follow  those  of  the  resjiiratory  tract,  and 

hirdly  the  burns. 

Eye  Lesions. — Conjunctivae  congested,  vessels  dilated,  severe  pain  at  times 
'Ut  usually  moderate,  moderate  lacrimation,  vision  unimi)aired,  jtupil  reflexes 
lornial,  marked  swelHng  of  eyelids.  The  less  severe  cases  hv:\\  in  two  to  ihree 
lays. 

Lesio)is  of  the  Kespiralory  'y'raf/.Thc  initial  symptom  is  ai)honia  which 
lay  come  on  suddenly  or  be  preceded  by  a  few  i)ar()xysms  of  coughing.  It  is 
sually   comjtlete,    lasting   three   to    four   days.      Tracheitis    and    bronchitis    llicn 
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develop,  the  paroxysms  of  coughing  are  frequent  and  painful,  closely  simulat-  | 
ing  the  cough  of  pertussis.  At  the  end  of  two  to  three  days,  the  patient  dis-  i| 
charges  an  abundant  mucous  or  mucopurulent  sputum.  The  affected  patient  j 
can  not  breathe  except  in  the  erect  position,  and  the  majority  decline  to  go  to  j- 
bed.  Giraud  has  not  observed  hemoptysis.  The  respiratory  affections  are  most  ; 
intractable,  and  frequently  relapse  without  any  apparent  reason. 

Skin  Lesions. — The  early  burns  appear  in  twelve  hours.  These  are  the  \ 
severe  bm-ns,  presenting  the  appearance  of  large  erythematous  patches  covered 
with  large  bullae,  containing  a  serous  or  seropurulent  fluid.  Occasionally,  par- 
ticularly on  the  scrotum,  the  large  blisters  are  replaced  by  little  purulent  vesicles 
surrounding  the  roots  of  the  hairs.  The  pain  is  commonly  quite  severe,  and 
patients  presenting  burns  of  this  degree  are  immediately  evacuated.  The 
lighter  burns  are  more  frequent,  are  insidious,  appear  slowly,  but  are  the  least 
serious  of  the  mustard-gas  lesions.  Often  they  are  unnoticed  by  the  men,  and 
are  discovered  only  by  chance.  They  appear  as  burns  of  the  first  degree  in  the 
form  of  erythematous  plaques  resembling  sunbm'n.  After  a  time,  the  central 
portion  desquamates,  leaving  a  slightlv  weeping  surface  without  any  actual 
blister  formation.  The  burns  appear  most  commonly  around  the  joints  of  the  ' 
lower  extremities,  thighs,  genitals,  buttocks,  neck,  and  back.  They  are  on)} 
exceptionally  found  upon  the  uncovered  parts. 

As  to  lesions  of  the  digestive  tract  Giraud  considers  them  exceptional,  the 
frequent  vomiting  being  attributable  to  efforts  at  coughing.  He  considers  it 
probable,  how'ever,  that  lesions  of  the  alimentar}-  tract  may  be  due  to  ingestion 
of  food  tainted  by  the  gas. 

All  of  the  lesions  observed  by  him  have  been  purely  local.  He  has  onl} 
rarely  seen  signs  of  general  disturbance,  acceleration  of  pvdse  and  fever,  which 
he  considers  may  have  been  due  to  other  causes  than  the  intoxication.  The 
majority  of  the  patients  present  an  earthy  pallor,  but  this  is  not  surprising  in 
men  subjected  to  the  fatigue  of  a  prolonged  stay  in  the  first  line  trenches. 

For  prophylaxis  and  treatment  he  advises  the  use  of  a  solution  of  bicar- 
bonate of  soda  in  a  strength  of  thirty  parts  per  thousand.  Washing  the  eyes 
with  the  solution  he  found  to  be  prophylactic  against  the  conjunctivitis.  For 
the  burns  he  employs  washing  with  the  bicarbonate  solution  and  a  dressing  of 
Vincent's  powder  (boric  acid  and  calcium  hypochlorite).  The  respirator} 
lesions  he  found  resistant  to  treatment,   which  has  been   wdiolly   symptomatic. 

Teulieres,*  in  the  same  month,  November,  1918,  describes  the  action  of  tht 
gases  used  in  warfare  upon  the  visual  apparatus.  Under  the  heading  of  thi 
"new  gas,"  which  he  states  is  composed  of  carbon  tetrachloride  and  ammonium 
bichlorsulphide,*  but  described  by  the  majority  of  soldiers  as  having  a  mustart 
odor,  colorless,  very  heavy  and  impregnating  the  earth,  and  which,  therefore 
must  have  been  dichlorethylsul])hide,  he  says  that  the  ocular  lesions  produce^ 
by  it  range  from  simple  i)alpebro-conjunctival  reddening  up  to  the  most  severt 
burns  of  the  conjunctiva  and  cornea.  Since  the  gas  seems  to  operate  only  i' 
the  presence  of  water,  he  advises  against  bathing  the  wounded.  The  treat 
ment  he  advises  is  purely  symptomatic. 

^Corrected   Ijy   author   in   erratum. 
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Mandel  and  Gibson"'  give  a  brief  account  of  the  clinical  manifestations  and 
treatment  of  mustard-gas  poisoning,  adding  nothing  to  what  has  been  gained 
from  Giraud's  article,  except  the  statement  that  the  myocardium,  as  demon- 
strated by  necropsy,  is  not  damaged.     Their  summary  is  as  follows : 

1.  An  interval  (four  to  sixteen  hours)  of  freedom  from  distress  exists 
between  the  actual  gassing  and  the  onset  of  the  symptoms. 

2.  The  cardinal  symptoms,  conjunctivitis,  laryngitis,-  bronchitis,  and  skin 
burns,  are  all  due  to  the  excoriating  effect  of  the  gas. 

3.  The  principal  complications  are  early  pulmonary  edema  and  relatively 
late  bronchopneumonia. 

4.  Dry  clothing  and  sleeping  quarters  may  prevent  the  development  of 
symptoms  after  slight  exposure,  and  possibly  may  lessen  the  severity  in  those 
more  severely  gassed. 

EXPERIMENTAL 

Haldane"  states  that  he  has  confirmed  Meyer's  statement  that  subcutaneous 
injection  of  the  substance  is  capable  of  causing  conjunctivitis  and  death  from 
pneumonia,  owing  to  the  absorption  of  the  gas  into  the  circulation. 

Kolls  and  Gilbert'  report  that  10  mg.  of  an  alcoholic  solution  injected  into 
the  muscles  and  intravenously  produced  nothing  more  than  temporary  inactivity 
and  loss  of  appetite,  with  recovery  in  one  week;  50-100  mg.  in  alcohol  and 
water  emulsion  produce  convulsions  within  an  hour  and  death  in  three  hours. 
Mice  exposed  to  the  vapor  after  five  minutes  became  depressed,  developed  irri- 
tation of  nostrils  and  marked  dyspnea.  Except  when  high  concentrations  were 
used  death  was  delayed  two  to  six  days.  Cats  exposed  fifteen  minutes  to  a  con- 
centration of  1:2000  showed  lacrimation  and  restlessness;  after  two  hours  cat 
became  wild,  kept  eyes  closed ;  after  twenty  hours  became  dyspneic  and  died  at 
thirty-six  hours.  A  fifteen-minute  ex])osure  to  a  concentration  of  1  :10,000  gave 
similar  results ;  the  animal  died  in  four  days  of  ])neumonia.  In  t\vent\-  hours 
photophobia  and  purulent  conjunctivitis  developed.  Rabbits  ex]X)sed  for  four 
hours  to  less  than  1  :  100,000  concentration  closed  their  eyes  towards  the  end, 
developed  well-marked  conjunctivitis  at  end  of  twelve  hours,  and  died  in  two 
days.  After  exposure  to  1  :20,000  concentration  conjunctivitis  develoi)ed  in  six 
hours,  and  was  marked  in  twentv-four;  there  was  marked  dyspnea  and  snuf- 
fles after  twenty  hours. 

Raper  and  Ball''  found  that  rabbits  ex])osed  Un-  fi\e  minutes  to  a  concentra- 
tion of  1  :20,000  developed  a  very  slight  irritation  of  the  eyes  after  fi\e  minuli's; 
six  hours  later  both  eyes  were  kei)t  closed,  and  there  was  a  definite  conjuncti\  ilis 
which  grew  steadily  worse  with  signs  of  nasal  catarrh.  W'lun  kilK-d  after  four 
days  there  was  found  an  intense  congestion  of  the  trachea  and  sonu'  patches  of 
bronchopneumonia.  A  fifteen-minute  exposure  caused  marked  diM-omfort  after 
ten  minutes  in  the  form  of  a  marked  irritation  of  eyes  and  nost' ;  li\c  hours  latt-r 
conjunctivitis  and  snullles  had  develo])ed.  This  was  wor^i'  tlu'  t'ollowing  day, 
and  the  intlammation  of  the  eyes  became  ])urulent.  When  killed  on  the  fourth 
day  similar  changes  to  the  aboxc  were  tound.  Thirty-minute  exposures  pro- 
duced the  same  results. 
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Marshall  and  INIiller^  worked  with  dogs.  They  found  that  higher  concentra- 
tions (38  mg.  per  liter)  caused  immediate  excitement,  irritation  of  eyes  and 
lacrimation,  followed  by  dulling  of  cornea  and  depression.  Frequent  retching 
and  vomiting  was  observed.  At  the  end  of  exposure  or  shortly  afterwards  the 
mucous  membranes  were  inflamed,  and,  in  some  cases,  the  skin  on  face  and  bare 
parts  of  hind  legs  became  red.  There  was  continued  retching  and  vomiting,  nasal 
discharge  and  salivation,  dyspnea,  tracheal  rattle,  and  death  in  four  to  ten  hours. 
With,  lower  concentrations  there  was  practically  no  sign  during  exposure.  In 
twentv-four  hours  there  developed  conjunctivitis,  nasal  discharge,  and  tracheal 
rattle,  and  animals  became  depressed.  There  was  no  vomiting,  as  a  rule.  Death 
occurred  in  twenty  hours  to  twelve  days. 

Kolls  and  Gilbert^"  showed  that  1 :100  alcoholic  solutions  act  as  skin  irri- 
tants. With  increasing  dilutions  up  to  1 :1000  the  skin  is  killed,  but  there  is  little 
difficulty  in  healing.  Further  dilution  produced  no  irritation.  The  skin  lesions 
were  found  to  show  great  individual  variations. 

Test  tubes  containing  air  saturated  with  mustard-gas  vapor  applied  to  the 
skin  cause  erythema  in  twenty- four  hours  after  five  minutes'  exposure;  after  ten 
minutes'  exposure  erythema  was  more  marked;  after  twent}'  minutes'  exposure 
there  developed  in  twenty-four  hours  a  red  papular  area  just  short  of  a  blister, 
with  hyperesthesia.  When  the  concentrated  vapor  is  allowed  to  act  on  the  skin 
for  a  short  time  a  vesicle  may  not  be  produced,  but  only  a  red  edematous  patch 
with  slight  soreness  on  surface,  something  like  a  sunburn  (Royal  Society  War 
Commission  Reports). 

One  to  two  drops  of  a  1 :100  solution  in  alcohol  applied  to  the  arm  caused 
varying  degrees  of  itching  and  blistering.  Complete  healing  took  place  in 
seven  to  eight  days,  although  a  scar  remained. 

Other  experimenters^^  find  mustard  gas  to  be  a  blistering  agent  of  great 
power,  producing  erythema  and  blistering  the  skin  as  well  as  causing  acute  con- 
junctivitis, tracheitis  and  bronchitis.  The  intensity  of  the  action  seems  to  be 
increased  by  humidity,  although  if  hands  are  washed  immediately  after  exposure 
no  lesions  are  produced.  If  the  skin  is  touched  with  a  glass  rod  just  moistened 
with  the  gas  and  then  wiped  with  cotton  there  results  in  two  hours  a  red  patch 
larger  than  the  area  touched.  This  increases  in  size,  and  at  the  end  of  four  hours 
may  be  as  large  as  a  sixpence.  After  twenty  to  thirty  hours  a  weri-marked  tense 
vesicle  develops,  with  erythematous  area  around  vesicle.  If  the  latter  is  opened 
under  aseptic  precautions  and  infection  is  avoided,  the  lesion  heals  normally, 
but  redness  persists  for  three  weeks  or  more.    The  whole  process  is  painless. 

Subjects  exposed  in  chambers  containing  1 :  10,000  (0.709  grams  per  IVP ) 
of  impure  oil,  when  wearing  French  respirators,  showed  after  six  hours  irri- 
tation of  the  skin,  vomited  and  felt  ill.  On  the  next  day  there  was  marked 
erythema  of  the  scalp,  chest,  inside  of  arms,  hands,  thighs  and  genitals.  The 
erythema  was  more  marked  on  one  forearm  that  had  been  smeared  with  vaseline 
and  lanolin.     On  the  arm  and  on  the  genitals  large  blisters  were  produced. 

Summary. — The  general  effects  without  protection  in  animals  and  in  man 
were  found  to  be  conjunctivitis,  sore  throat,  hoarseness,  gradual  necrosis  of 
mucous  membrane  of  air  passages,  bronchitis,  later  purulent  in  character,  lead- 
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ing  to  bronchopneumonia,  which  may  terminate  in  death,  and  more  or  less  wide- 
spread burns  of  skin.  These  affect  chiefly  covered  parts,  but  the  face  and 
hands  may  also  show  burns.  The  skin  lesions  develop  as  follows:  Erythema, 
with  some  irritation  or  no  pain,  followed  by  blister,  accompanied,  particularly 
on  the  genitals,  with  much  swelling  and  edema.  The  erythema  is  attended  by 
diapedesis  of  red  cells.  Even  when  no  blisters  are  formed,  there  may  be  dark 
purplish  patches,  the  color  of  which  does  not  disappear  on  pressure.  Later  these 
become  pigmented  dark-brown. 

PATHOEOGY 

Mackenzie^-  states  the  most  important  pathologic  changes  to  be  those  found 
in  the  eyes,  skin  and  respiratory  system.  In  experimental  animals  there  is  dif- 
fuse clouding  of  the  cornea  at  once  which  goes  on  to  exfoliation  of  the  corneal 
epithelium  and  to  ulceration.  The  corneal  vessels  show  a  marked  acute  conges- 
tion ;  there  is  an  abundant  serous  discharge,  which  later  becomes  purulent.  The 
skin,  where  there  is  no  hair,  about  the  lips,  nose,  genitals,  nipples  and  between 
toes,  shows  bright  red  discolorations. 

The  upper  air  passages  show  patches  of  intense  hemorrhagic  redness,  in 
the  mouth  sometimes  to  the  extent  of  ulceration,  particularly  at  points  of  contact 
with  teeth  and  cheeks.  The  pharynx,  epiglottis  and  larynx  are  reddened.  From 
the  upper  end  of  the  trachea  throughout  the  entire  bronchial  tree,  tlie  mucous 
membrane  is  covered  with  a  thick  translucent  membrane  of  a  pale  yellowish  color, 
which  is  easily  pulled  off  in  large  strips.  It  extends  down  into  the  smallest 
bronchi,  forming  everywhere  a  complete  lining  to  the  tubes.  There  is  no  free 
fluid  or  froth  in  trachea  or  bronchi,  as  is  constant  in  other  forms  of  gassing. 
In  the  medium  and  small  bronchi  the  membrane  occludes  the  lumen,  causing 
patches  of  atelectasis.  These  may  be  only  0.5  to  1  cm.  in  diameter,  or  may  involve 
a  whole  lobe,  depending  upon  the  size  of  the  occluded  bronchi.  Such  atelectatic 
areas  are  dark  reddish  purple,  depressed  and  nearly  airless.  Their  relation  to 
the  plugged  bronchi  can  be  easily  determined.  No  pleural  effusion  noted  in 
inimals. 

No  constant  changes  were  found  in  other  organs.  Focal  necroses  were 
loted  in  the  liver.  These  appeared  on  the  surface  and  on  cut  section  as  gray 
;pots,  size  of  pinhead  or  smaller  with  a  central  red  point.  In  three  animals  punc- 
ate  hemorrhages  were  found  in  the  adrenal  cortex.  In  about  half  of  the  animals 
^veiling  and  hyperemia  of  the  mucosa  of  stomach  and  duodenum  was  noted ;  in 
me  case  circumscribed  hemorrhagic  ulcerations  were  found  near  the  ]i\iorus. 
^o  positive  relationship  of  these  findings  to  the  gassing  was  demonstrated. 

Flaldane^-'  noted  the  pathologic  changes  in  two  cats,  one  ex[)()sed  two  hours 
nd  killed  four  days  afterwards;  and  the  other  exposed  one  and  one-half  hours 
nd  killed  nine  days  after.  The  first  cat  showed  dcsciuamation  of  tracheal  nuicosa 
nd  the  formation  of  a  plug  of  leucocytes  and  red  blood  cells.  Similar  lesions, 
ut  more  severe,  were  found  in  the  bronchial  tree ;  and  the  lungs  showed  leuco- 
yte  exudation  into  alveoli;  edema  and  desquamation  of  aKcol.ir  c]iithelium,  and 
bscesses.    The  second  cat  showed  thickening  and  collapse  of  the  ab-colar  walls 
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cono-estion   of   the   pulmonary   vessels,    desquamation   of   nasal    epithelium,    and 
inflammation  of  the  skin  of  the  ears. 

IMcXee^*  gives  autopsy  summary  of  fatal  cases.  The  points  noted  were 
acute  inflammation  of  air  passages,  desquamation  of  mucous  membrane,  and 
formation  of  false  membrane.  To  this,  infection  is  added  in  the  form  of  acute 
purulent  bronchitis  with  atelectasis  and  bronchopneumonia.  Acute  emphysema 
may  be  present  also.  Superficial  burns  are  a  prominent  feature.  Acute  hemor- 
rhagic nephritis  and  edema  of  lower  limbs  were  noted.     In  two  cases  degenera- 


Eis 


]. — One    liour    after    application    of    mustard 
gas.     Stage  of  erythema. 


Fig.  2. — Three  hours  after  aiiplication.  Wiclci 
iiig  and  deepening  of  the  erythematous  zone  with 
well-marked  edema.  Development  of  secondary 
paler  areola. 


live  changes  in  the  central  portion  of  liver  lobules  and  minute  hemorrhages  in 
brain  were  noted. 

McLeod^^  from  seven  autopsies  on  men  killed  in  action  by  the  gas,  con- 
cludes that  the  danger  to  life  from  secondary  infection  is  greater  than  the  toxic 
action  of  the  gas  itself. 

Dunn^*'  from  four  cases  states  that  the  chief  lesions  are:  1,  severe  and  last- 
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ing  damage  to  bronchi  and  bronchioles;  2,  persistence  of  edema;  3,  severe  infec-* 
tion  of  respiratory  tract,  bronchopneumonia,  and  in  two  cases  hemorrhagic 
exudations. 

Summary. — The  material  given  above  represents  the  entire  pathologic  knowl- 
edge of  mustard  gassing  available  in  the  literature  at  the  present  time.  As  is 
readily  seen,  this  pathology  is  very  superficial  and  incomplete,  being  made  up 
almost  entirely  of  rather  loose  superficial  gross  descriptions.  Xo  detailed  gross 
pathologic  observations  exist  at  present;  and  there  is  practicallv  no  microscopic 


Fig.   3. —  ICighteen  hours  after  application.      Forma 
tion   of  vesicle   on   an   erythematous    base. 


Fig.  4. — Twenty-two  hours  after  application. 
N'usicle  4  mm.  high,  tense,  fluid  content  slightlv 
opalescent.  Floor  of  vesicle  appears  yellowish 
wliilf,    necrotic. 


pathology.  If  a  histologic  study  of  tlic  lesions  producfd  bv  mustard  gas  exists 
in  the  literature,  we  have  not  been  able  to  find  it.  I'or  this  reason,  as  soon  as  we 
heard  of  the  new  gas  last  sunmu-r,  our  laborator\  made  efforts  to  secure  the 
substance  for  the  ]>m-]K)se  of  cxpfrinicntal  pathologic  work  with  the  \  iew  of 
determining  the  exact  nature  of  the  tis>ue  k'sion>.  Thrdugh  llic  kimhioss  of 
Professor  Moses  Gomberg,  vvc  were  furnished  with  an  ani].k'  MippK  of  pure 
mustard  gas,  and  more  recently  through  the  comtesy  of   I  )oct(.]-  W  ni.    Hale  an<l 
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"the  Dow  Chemical  Company  of  Midland,  Michigan,  with  an  impure  form  of 
the  o-as.  The  o-reat  majority  of  our  experiments  have  been  carried  out  with  the 
pure  dichlorethvlsulphide  furnished  by  Doctor  Gomberg.  This  is  a  clear,  color- 
less, heavv,  oily  liquid  having  a  boiling  point  of  217°  C.  and  possessing  a  faint 
mustard  odor. 

The  present  investigation  concerns  itself  solely  with  the  study  of  the  gross 
and  microscopic  patholog}^  of  the  cutaneous  lesions,  produced  in  man  and  animals 
bv  the  direct  application  of  the  liquid.     The  human  material  was  obtained  from 


Fig.  5.- — Forty-six  hours  after  application.  Col- 
lapse of  vesicle  with  nearly  complete  absorption  of 
fluid.  Epidermis  in  fine  wrinkles  and  folds,  and 
of   a   yellowish   biown   tint. 


Fig.  6. — Seventy-two  hours  after  application. 
Beginning  eschar  formation.  Central  area  bright 
yellowish  brown  in  color,  surrounded  by  a  whitish 
zone   1-2   mm.   in   width. 


auto-application,  amputation  material  with  consent  of  the  patient,  and  accidental 
chemical  laboratory  lesions.  Through  auto-application  we  have  been  able  to 
study  a  complete  series  of  lesions  through  all  stages  from  inception  to  healing. 


ACTION  OF  DICHLORETHYLSULPHIDE  ON   HUMAN   SKIN 

The  dichlorethylsulphide  was  applied  by  means  of  a  capillary  pipette  in  uni- 
form droplets  estimated  to  be  about  .002  c.c.    When  applied  to  the  skin  this  drop 
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at  once  spreads  out  over  an  area  3  to  4  mm.  in  diameter  and  is  completely  vola- 
tilized, or  at  least  disappears,  in  one  to  two  minutes,  according  to  atmospheric 
conditions. 

Following  is  a  protocol  of  the  most  important  stages  in  the  development  of 
the  skin  lesion  produced  in  this  manner.  We  have  found  that  the  rate  of  produc- 
tion of  the  lesion  and  the  intensity  of  the  reaction  vary  over  a  considerable  range 
in  different  individuals,  notably  in  a  Charcot-joint  leg  and  in  a  case  of  malignant 
disease  the  development  of  the  vesicle  was  delayed. 


Fig.  7. — I'our  days  after  a|;plication.  Beginning 
sloughing.  Loss  of  necrotic  wrinkled  epidermis. 
Persistence  of  white  zone  and  zone  of  erythema. 


Tig.  8. — Nine  days  after  application.  Beginning 
separation  of  necrotic  l)ase  from  the  peripheral 
white  zone.     More  marked  erythematous  zone. 


Anio-applicatuni  to  skin  of  normal  indifidna!.  March  12,  191S,  2:30  p.m.  vStaiulartl 
droplet  applied  to  flc.Kor  surface  of  left  forearm.  In  one  niimite  the  liquid  completely 
disappeared  givinj;-  of?  a  strong  mustard  odor.  'Hure  were  no  suhjective  symiHoms.  In 
about  ten  minutes  there  appeared  a  delicate  silvery  gray  sheen  over  the  surface  of  the 
area  of  application.  This  was  soon  followed  hy  a  faint  flusii  which  gradually  deepened 
and  spread  until  it  was  about  7  mm.  across.  Photograph  in  Fig.  1  was  taken  one  hour 
after  appHcation.  At  this  stage  the  crytliema  was  influenced  l)y  changes  of  temperature, 
etc.,  ahernately  i)tiling  and  reddening.  Whenever  tiie  area  became  somewhat  i)aler  tlie 
uperficial  silvery  luster  was  visil)le.  During  tlie  second  und  third  hour  a  well-marked 
:dema  a])peare(l  and   the  erythematous   /one   became   wider   and    more   deeplv    colored. 
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Same  day,  5:30  p.m.  At  this  time  the  lesion  measured  15  mm.  in  diameter.  It  was 
slightly  elevated  and  had  a  marginal  zone  somewhat  deeper  red  than  the  central  portion. 
Outside  of  the  red  zone  there  was  a  very  faint,  barel}'  perceptible  zone  showing  less  color 
than  the  remainder  of  the  skin.  (Fig.  2,  photograph  three  hours  after  application.)  In 
the  next  several  hours  there  was  no  change. 

March  13,  1918,  6:30  a.m.  Sixteen  hours  after  the  application  a  vesicle  began  to 
form.  At  8:30  a.m.,  eighteen  hours  after  the  application  this  was  at  its  height.  (Fig.  3.) 
At  this  time  the  lesion  measured  25  mm.  in  diameter.  It  presented  an  erythematous  base, 
slightly  elevated,  and  fading  gradually  into  the  surrounding  skin.  Upon  the  summit  of 
this  erythematous  base,  there  rose  a  tense  vesicle  6x9  mm.  in  area  and  3  mm.  high.  T!iis 
was  filled  with   a  clear  pale  yellow   fluid.     Up   to  this   time   there   had   been   no   subjective 


Fig.  9. — Eighteen  days  after  application.  Raising 
and  separation  of  the  yellowish  brown  cnist.  Be- 
ginning fading  of  the  erythematous  area  leaving  a 
pigmented  border. 


Fig.  10. — Nineteen  days  after  application.  Ba« 
of  lesion  after  complete  separation  of  the  heav; 
crust    of  the   eschar.      Granulation   tissue   base. 


symptoms,  but  with  the  formation  of  the  vesicle  there  was  slight  smarting,  increased  by 
pressure. 

Same  day,  12:30  p.m.  Twenty-two  hours  after  application.  (Fig.  4.)  At  this  tini. 
the  vesicle  covered  no  greater  area  but  was  4  mm-  high  and  still  very  tense.  Its  fluid  con- 
tent had  become  slightly  cloudy  or  opalescent.  With  a  hand  lens  the  base  of  vesicle  can 
be  seen  through  the  fluid  content  and  appears  yellowish  white,  opaque  and  necrotic.  Arouml 
the  border  of  the  inflamed  base  of  the  vesicle  there  is  a  definite  secondary  areola. 

March  14,  1918,  12:30  p.m.  Forty-six  hours  after  application.  (Fig.  5.)  By  thi< 
time  there  was  nearly  complete   absorption   of  the   fluid    from   the  vesicle.     The   epidermal 
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covering  of  the  vesicle  is  thrown  into  fine  wrinkles  and  folds  and  has  taken  on  a  yellow- 
ish blown  tint.  The  zone  immediately  around  the  base  of  the  vesicle  is  now  pale  pinkish 
white  and  about  1  mm.  in  width.  Outside  of  this  the  flushed  areola  persists.  The  total 
width  of  the  lesion  is  now  but  17  mm. 

March  15,  1918,  2:30  p.m.  Seventy-two  hours  after  application.  (Fig.  6.)  The  cen- 
tral portion  of  the  lesion  measures  8x4  mm.  and  is  of  a  bright  j-ellowish  brown  color. 
Around  this  is  a  white  zone  1  to  2  mm.  in  width.  Outside  of  this  is  a  zone  of  erythema 
most  marked  about  the  base  of  the  collapsed  vesicle  and  fading  peripherally.  The  total 
width  of  the  lesion  is  now   18  mm. 

During  the  night  of  March  15  to  March  16  the  delicate  wrinkled  epidermis  was 
rubbed  off,  leaving  an  excavated  area  with  a  grayish  yellow-white  moist  base.  The  ex- 
cavated area  measured  6x4  mm.     The  border  was   somewhat  irregular   and   slightly   over- 


Fig.    11. — Forty-nitic   days   after   apiilicatii.n.      Scar   witli    1)ro\vii    pinmcntt-d   aroila.      Sli^lu    piU'ki'iinR   of   scar. 

hanging.  The  wiiite  zone,  about  1  mm-  in  wnllh,  still  persists  at  the  liorck'r  and  the 
erythematous  zone  outside  of  this  is  about  the  same  width  as  before.  The  base  became 
slightly  glossy  upon  drying.     Fig.  7  was  taken  at  5:30  p.m.,  March  16.  1918. 

March  17,  1918,  9:00  p.m.  Total  excavated  ;irea  sonie\vb;it  diminished.  I'.onKr 
smoother.      Floor  not  (|uite  so  deep.     Tot;d   width   of   lesion   i^  now    1.^   mm. 

March  21,  1918,  4:00  p-m.  A  brownish  cnist  rrpnsrtitinu;  the  necrotic  base  is  l)e- 
ginning  to  loosen  at  the  edges  where  it  is  white  and  sligiitly  des(|uamatin.i.;.  Alioiit  this 
is  a  marked  erythematous  areola,  4  mm.   wide.     (P"ig.  8.) 

March  22,   1918,  9:00  a.m.      Din-ing  the  night   there  was  m. irked   itching,   tlie  onl>    pro- 
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noiniced  subjective  symptom  so  far  noted.  The  crust  loosened  entirely  and  came  off.  Be- 
neath the  crust  there  was  a  small  amount  of  thin  purulent  fluid.  The  erythematous  zone 
is  less  marked.  The  base  of  the  excavated  area  is  again  dry  and  covered  with  a  j-ellowish 
brown  crust.  The  margin  of  the  excavation  is  whitish  with  edges  slightly  puckered.  The 
central  portion  of  the  lesion  measures  5x9  mm. 

March  30,  1918.  Since  March  22,  the  area  of  excavation  has  gradually  become  cov- 
ered with  a  yellowish  brown  crust  which  has  now  become  elevated  nearly  2  mm.  above 
the  surrounding  surface.  The  zone  of  erythema  is  fading,  leaving  a  yellowish-brown  pig- 
mentation. The  inner  portion  of  this  zone  is  shiny  and  somewhat  puckered  and  there 
are  a  few  minute  desquamating  scales  at  the  border  of  the  dense  crust.  The  entire  width 
of  the  lesion  including  the  zone  of  pigmentation  is  3   cm.,  the   reddened,   somewhat  shiny 


Fig.  12.— Typical  "mustard  gas"  vesicle.     About  twenty-two  hours  after  application.     Photograph  somewhat 

enlarged  to  show  details  of  the  vesicle. 

zone,  is  2  to  3  mm.  in  width,  the  scaly  desquamation  about  1  inm.,  and  the  elevated  crust 
4x7  mm.     (Fig.  9.) 

April  1,  1918.     The  dark  crust  or  scab  became  loose  and  came  away  leaving  a  white 
dry  slightly  granular  area  nearly  flush  with  the  surface  of  the  skin.     This  measured  4x8  j  j 
mm.     (Fig.  10.) 

May  1,   1918.     Healing  is  now  nearly  complete,  the   lesion  consisting  of  a   thin  scar,  I  i 
pinkish  white  in  the  central  portion  and  whiter,  more  opaque,  at  the  margin,  with  very  j  o ' 
slight  puckering.     Around  this  is  a  brown  pigmented  areola.     The  whole  area,  however,  is  ,  v^ 
redder  than  normal  skin.     (Fig.  11.) 
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MICROSCOPIC  APPEARANCES 

The  changes  in  human  skin  were  studied  microscopically  from  one-half  hour 
up  to  thirty-six  hours,  including  the  development  of  the  vesicle  and  beginning 
eschar  formation.  As  the  lesions  at  one-half  hour,  eighteen  hours,  and  thirty- 
six  hours  represent  three  distinct  stages,  these  will  be  described  in  detail. 

Lesion  One-half  Hour  after  Application 

Epidermis. — The  horny  layer  is  relatively  thicker  than  normal  and  split  up 
into  flat  scales  and  layers,  loosening  readily  from  the  stratum  lucidum.  The 
stratum  lucidum  has  a  slight  brownish  color.  The  granular  layer  is  flattened ;  the 
cells  drawn  out  parallel  to  the  surface;  the  nuclei  are  pyknotic.  The  stratum 
germinativum  is  markedly  shrunken,  in  many  places  only  one-third  to  one-half 


Fig.    13. — Mustard-gas   Inirns   of  l.olli   liand'^,    sin   days   after    exix.siirc,   in  a  chemical  labnralory  assistant. 

as  wide  as  normal,  its  nuclei  pyknotic  and  the  cytoplasm  shrunken  about  the  nu- 
clei. Occasional  vacuoles  are  found  in  the  lowest  layers,  but  the  most  marked 
hange  is  the  shrunken  appearance  of  the  whole  epidermis,  both  cytoplasm  and 
luclei.  At  the  border  of  the  lesion  the  epidermis  passes  gradually  into  the 
lormal  condition. 

Papillary  Layer  of  Coriiun. — In  the  central  pari  of  the  lesion,  the  capillaries 
ire  contracted  and  contain  but  little  blood.  In  scattered  capillaries,  the  red  blood 
ells  are  agglutinated  and  stain  with  eosin  as  bright  red  hyaline  masses.  Such 
igglutination  thrombi,  however,  arc  not  a  common  t'l'aturr  ot'  tlir  picture  and  in 
he  larger  vessels  thrombosis  does  not  occur.  The  endothelium  of  the  capillaries 
f  the  papillary  layer  shows  marked  i)yknosis.  karyorrhexis  and  disintegration 
f  the  nuclear  chromatin.     Chromatin  dust  is  found  around  nian\  of  these  ca[)il- 
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laries  and  also  manv  of  the  connective  tissue  cells  of  the  ui)])er  i)ortion  of  the 
papillary  laver  show  marked  karyorrhexis.  The  c}'toplasm  of  many  of  the  en- 
dothelial cells  of  the  capillaries  is  vacuolated,  showing  hydropic  degeneration 
or  edema.  About  these  capillaries  there  is  a  clear  space  due  to  a  perivascular 
edema.  Around  some  capillaries  this  is  very  marked.  Many  of  the  capillaries 
show  diapedesis  of  leucocytes  along  their  course   (Fig.   15),  but  in  the  central 


» 


Fig.    14. — Scar   on  back  of   hard   six   months   after   accidental    burn   with   a   dilute   solution   of   dichlui 
ethylsulphide  dropped  upon  back  of  hand  and  immediately   washed   away.      Chemist.      Burn   exhibited   stag' 
of   vesicle  and    eschar   formation    similar   to    those    described    in    the    above    protocol,    followed    by   very    slow 
healing. 

part  of  the  lesion  there  is  practically  no  hemorrhage  and  the  vessels  are  con- 
spicuous for  their  contraction  and  anemia. 

Corhim  Proper. — The  vessels  running  through  the  corium  show  similar 
changes  in  their  endothelium  but  there  is  little  leucocytosis  or  white  cell  migra- 
tion. The  larger  vessels  contain  more  blood.  No  thromboses  or  hemorrhages  art 
present.  The  lymphatics  are  dilated  and  the  nerve  trunks  show  karyorrhectic 
nuclei  and  edema. 
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Hair  Follicles. — Along  the  hair  folHcles  the  squamous  epitheUum  shows 
changes  similar  to  those  of  the  surface  and  the  capillaries  about  the  hair  fol- 
licles also  show  changes  similar  to  those  described  above.  In  the  neighborhood 
of  the  hair  follicles  the  corium  is  affected  more  deeply  than  elsewhere,  showing 
a  distinct  penetration  through  the  hair  follicles. 

Szvcat  Glands. — The  epithelium  of  the  sweat  glands  shows  no  apparent 
changes,  although  the  vessels  about  them  show  changes  similar  to  those  de- 
scribed above. 

Sebaceous  Glands. — Shrinking  and  pyknosis  of  cells  similar  to  that  seen 
on  the  surface. 


Fig.   19. — Human   skin   eighteen  hours  after  application.      High   power  view   of  small   vesicle.      Separation  of 

epidermis  from  papillary  layer. 

In  the  transition  border  there  are  small  hemorrhages  by  diapedesis. 

Lesion  Eifihteen  Hours  after  Application.     {Figs.   16,  1/.   18.  (;//(/  19.) 

Epidermis. — In  the  central  part  of  the  lesion  there  is  a  marked  lic|uefaction 
ind  hydropic  change  in  the  cytoplasm  of  the  epithelium.  This  \arics  greatly  in 
legree.  The  horn\-  la}er  is  in  part  dcs(|uamaU'd  and  loosened.  \hv  stratum  luci- 
lum  is  widened  and  more  dense  than  normal  and  stains  brownish  rod.  ( )ver 
nany  of  the  pajiilhe  small  vesicles  have  already  formed,  the  majoritv  of  the 
pithelial  cells  having  undergone  li(|uefacti<m.  In  xtnic  places  llu'  epidermis  is 
ifted  from  the  papilhe  by  the  collection  of  lluid  beneath  it.  'J'lie  liiiuefaclion  of 
lie  cell  cytoplasm  extends  deep  down  into  the  hair  t'olliclcs  and  into  the  sebaceous 
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Fig.    JU. — lluniau   skin,   lliii  ty-six    Iilui.^   afiei    aiiplii  ;'t;iiii.       \  I'siLk'    luriiuiliuii    in    f|iiilcimi.s    aiul    lencoL.v  ic 

intiltration  of  i)ai)ilke. 


'"*■-■  Sj^-^H^'W^-S 


Fig.    21. — Human    skin    thirty-six    hours    after    aiiplication.       High    power    view    at    border    of    lesion    showi 
changes  in  epidermis  and  leucocyte   infiltration  and  edema  of  papillary   layer. 
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glands.  The  stratum  yerminativum  has  lost  its  continuity  in  many  places  and 
the  cells  are  completely  necrotic. 

Papillary  Layer  of  the  Coriiiin. — The  connective  tissue  is  edematous,  stains 
bluish,  and  contains  many  degenerating  nuclei.  There  is  an  increase  in  the  num- 
ber of  wandering  cells  and  many  of  these  show  karyorrhexis.  Around  all  the 
capillaries  there  is  a  zone  of  edema  and  small-celled  infiltration.  Small  hemor- 
rhages by  diapedesis  are  scattered  through  the  papillary  layer  and  upper  portion 
of  corium,  particularly  around  the  hair  follicles. 

Coriimi  Proper. — The  blood  vessels  contain  more  blood  than  in  the  earlier 
lesion,  particularly  the  deeper  ones.  The  larger  ones  show  a  marked  conges- 
tion and  the  lymphatics  are  dilated  with  a  lymph  rich  in  albumin.  Around  the 
hair  follicles  the  edema,  liquefactive  changes,  and  hemorrhages  are  more  marked 
than  elsewhere.  The  sweat  glands  show  a  marked  edema  of  the  interstitial  con- 
nective tissue,  congestion  of  the  cai)illaries,  leucocyte  infiltration  and  small  hemor- 
rhages by  diapedesis.  Some  of  the  glands  show  a  marked  necrosis  of  the  epithe- 
lium but  these  changes  vary  greatly  in  degree. 

SiibeiitaucoHS  Tissues. — The  vessels  are  congested,  lymphatics  dilated  and 
there  is  edema  of  the  adipose  tissue.  The  vascular  changes  extend  along  the 
smaller  capillaries  even  into  the  subcutaneous  tissue. 

Lesion   Thirty-six  Hours  after  Application    (Figs.  20  and  21) 

Epidermis. — Horny  layer  more  compact  but  ragged,  in  many  places  in- 
iltrated  with  leucocytes.  Epidermis  nearly  completely  necrosed,  in  some  places 
ifted  from  the  papillary  layer.  The  remaining  nuclei  are  markedly  pyknotic  or 
fragmented.  In  many  areas  only  the  lowest  layer  of  nviclei  persists.  There  are 
ilso  collections  of  fiuid  between  the  horny  la}"er  and  the  portions  of  rete 
emaining. 

Pa  pillar  \'  Layer. — The  papillary  layer  shows  marked  edema,  the  capillaries 
u-e  congested  and  there  are  many  hemorrhages  by  diapedesis.  The  entire  i)apil- 
ary  laver  is  infiltrated  with  leucocytes,  many  of  which  show  karyorrhexis. 

Coriuiu. — There  is  a  leucocyte  infiltration  throughout  the  entire  corium  hut 
ess  marked  than  in  the  papillary  layer.  It  is  most  marked  around  the  hair 
ollicles  and  annmd  the  sebaceous  glands  and  sweat  glands.  The  congestion 
.nd  edema  are  also  most  marked  around  these  structures,  v^ome  of  the  smaller 
■essels  show  marked  necrosis  of  the  wall  with  leucocyte  infiltration  and  diajjcd- 
sis.  Scattered  areas  of  edema  and  small  celled  infiltration  extend  even  into  the 
ubcutaneous  tissue  where  the  vessels  are  markedly  congested. 

Later  Slai/es  in  1 1  union  Skin 

Inasnuich  as  tin-  later  stages  in  human  skin  parallel  iIiom-  in  llie  lower  ani- 
lals  and  as  the  s])ecitic  dilTerences  between  the  acli(tn  of  nuistard  gas  on  human 

kin  and  on  the  skin   of  the   rabbit,  guinea   pig  and   cat    cxisi    only   in    the   i-arly 

lages,   it    seems   necessarx    line    to  omit    a    moie    detailed    descriiilion    of    these 

hanges  and  to  summarize  them  as  tollows: 

1.  About  fort\'  to  lift\  hours  after  application  collapse  of  vesicles  and 
regressive  necrosis. 
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2.  About    seventy-two    hours    after    application    progressive    necrosis    and 
beginning  eschar  formation. 

3.  Four  to  six  days  after  appHcation,  necrosis  complete,  beginning  separa- 
tion of  slough.     Edema  and  hyperemia  persistent. 

4.  By  the  nineteenth  day,  complete  separation  of  slough.     Slow  healing  and 
scar  formation. 

5.  For  an  indefinite  period,  congestion  and  pigmentation. 
All  of  these  descriptions  applied  to  the  effect  of  a  standard  drop  of  pure 

mustard  gas  in  the  absence  of  infection.     The  course  will  naturally  vary  with 
the  concentration,  amount,  time,  etc. 

TREVENTION   OF  THE  LESION 

A  preliminary  report  is  made  here  of  methods  tried  out  to  prevent  or  abort 
the  lesion  after  the  application  of  mustard  gas.  We  still  regard  this  work  as  in 
the  experimental  stage  and  the  statements  made  here  only  tentative.  In  some  of 
the  English  and  French  reports  great  emphasis  is  laid  on  the  fact  that  water 
greatly  increases  the  intensity  of  the  lesion.  Our  experience  shows  this  to  be 
unfounded.  If  the  application  of  mustard  gas  to  the  skin  is  followed  by  thor- 
ough washing  within  a  few  minutes,  the  resulting  lesion  is  far  less  intense  though 
usually  spread  over  a  larger  area.  If  this  can  be  done  before  the  expiration  of 
two  minutes,  no  necrosis  and  no  vesicle  formation  results  and  there  is  only  a 
hyperemia  and  a  more  or  less  transient  edema.  Washing  immediately  with 
tincture  of  green  soap  absolutely  prevents  the  development  of  a  lesion  and  if  this 
is  done  two  minutes  after  application,  just  as  the  droplet  has  completely  volatil- 
ized, only  a  slight  but  persistent  hyperemia  results.  This  method  of  prevention, 
while  it  might  not  be  applicable  under  the  conditions  of  warfare,  would  apply  to 
prevention  in  factories,  chemical  laboratories,  and  munition  depots.  Bleaching]^ 
powder,  sulphur  chloride,  and  sodium  bicarbonate  are  also  of  value  but  fronii 
our  present  results  we  would  recommend  immediate  washing  with  tincture  of 
green  soap. 

ANIMAL    EXPERIMENTS 

The  rabbit,  guinea  pig,  and  cat  were  employed  for  these  experiments.  TIk 
skin  of  the  belly  was  shaved  and  standard  drops  were  applied  after  the  irritatio' 
from  shaving  had  subsided.  The  character  of  the  tissue  lesion  and  the  reac- 
tion in  these  animals,  proved,  in  the  early  stages,  to  be  essentially  dift'erent  fron 
the  lesions  in  human  skin.  For  the  purpose  of  brevity  and  conciseness  the  prot" 
cols  are  condensed  as  below. 

Rabbit. — Within  two  hours  after  application  of  the  standard  drop  ther 
develops  a  very  marked  edema,  much  larger  than  the  area  touched  by  the  dm 
of  mustard  gas.  This  edema  is  subcutaneous,  appearing  as  a  definite  tumor  mas- 
rather  sharply  circumscribed,  over  which  the  cuticle  can  be  moved.  The  surfac 
of  the  area  appears  gray  and  cloudy,  the  skin  losing  its  normal  translucency  an 
appearing  as  if  cooked.  In  some  cases  the  blanching  appears  to  extend  into  tli 
deeper  portion  of  the  skin.     About  this  gray  area  there  is  but  slight  hyperemi; 
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By  the  third  day  after  the  appHcation,  the  epidermis  over  the  area  undergoes 
complete  necrosis  and  there  is  formed  a  slough  without  any  vesicle  formation. 
Vesicles  were  never  observed  in  the  rabbit.  This  slough  is  held  on  apparently 
by  the  hairs.  It  gradually  is  elevated,  separates,  and  contracts,  and  may  not  be 
cast  off  for  three  or  four  weeks.  When  shed,  the  lesion  below  is  practically 
healed.     The  most  striking  thing  is  the  marked  edema  at  the  beginning,  the  per- 
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•ig.   22. — Rabbit.      Apijlication    of    mustard    gas    at    11:30   .^.M.      Dioiiltt    used    was    slisthtly    larger    than    the 
standard.      Marked   snijciitaneous   edema   as    seen   at   4:00    p..m.    on   the   same   day. 

istence  of  tliis  edema  without  vesicle   formation,   and  the  slow   healing  in  the 
bsence  of  infccticjn. 

Various  ])rotectivc  experiments  were  tried  oul,  a  luimJK'r  of  substances 
leing  used  to  jirevent  tlie  lesion  or  lessen  its  severity — washing  with  water,  soap 
nd  water,  lead  acetate,  lead  acetate  and  silver  nitrate,  zinc  oxide  ointment,  zinc 
xide  paste,  bleaching  powder,  sodium  sulphide,  tincture  of  green  soa]\  potas- 
ium  permanganate.     The  ap[)lication  of  most  of  thi-sc  subslauci's  lixc  minutes 
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after  the  application  of  the  mustard  gas  lessens  the  edema  and  renders  the  lesion 
more  diffuse  but  does  not  prevent  necrosis.  The  use  of  potassuim  permanganate 
resulted  in  even  greater  edema  than  the  untreated  control  while  strong  sodium 
sulphide  solution  was  found  to  be  disadvantageous  because  of  the  necrosis  pro- 
duced.    (Figs.  22,  23,  and  24.) 


Fig.  23.-Kabbit.      Skin   of  belly  shows  results  °^,  f.'^^^X  'Vntreated      he   one   on   the  left  washeH   "^ 
Above  two  areas,  of  typical  _  edema,  the  one  on  the  rabbits  [  s'^^  ;»^\^^f f^ 'j^^'t  J^^e.     Below  on  the  ral. 
in  f^ve  minutes  by  water.     The  latter  is  more  diffuse,  If'^.^f.''   "\f^^-^"' ^'ff.ee  alkali.     This  area  show- 
right,  an  area  washed  after  f^ve  minutes,  with  soap  -;,°"tf "'"^j^"  f,^'"'   with  pota-Mum   permanganate.      I 
least  reaction.     On  the  lower  left  is   an  area  treated  after  five  minuter  with  pota^.m       i 
reaction  here  is  the  most  marked. 

Guinea  Pf^y.— Practically  identical  results  were  obtained  in  the  guinea  pi^, 

with  the  standard  drop  of  pure  mustard  gas ;  namely,  within  a  few  hours  marke(| 

subcutaneous  edema  followed  in  a  few  hours  by  necrosis  of  epidermis  and  papUi 

lary  layer  without  vesicle  formation  and  exhibiting  very  slow  healing.  j 

^  Cai.— The  same  results  were  obtained  as  for  rabbits  and  guinea  pigs.     Sub| 
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cutaneous    edema    without    ^■esicle    formation,    followed    bv    necrosis    and    slow 
healing. 

MICROSCOPIC  PATHOLOGY  OF  ANIMAL  LESIONS 

The  changes  observed  in  the  development  of  the  lesions  in  the  rabbit,  guinea 
pig,  and  cat  are  essentially  the  same  and  are  summarized  here  as  follows  : 

1.  Stage  of  Marked  Edema. — The  most  striking  feature  of  this  stage  is  the 


Fig.   24. — Ral)l)it.     Two  areas  of  nnistard-c;as  api'Iication.      Advanced   cscliar   fiirmalion. 

intense  edema  which  is  sharjily  localized  to  tin-  subcutaneous  tissue  and  fascia, 
but  extends  into  the  muscle  through  the  abdominal  wall.  The  connective  tissue 
ibrillae  are  widel_\-  separated  and  the  tissue  spaces  are  tilled  willi  a  hea\y  albu- 
ninous  j)recipitate  staining  deep  ]>ink  with  eosin.  The  muscle  libers  of  the  ab- 
lominal  wall  are  separaleil,  and  e\t'n  in  Iwd  hour>  llicrc  is  a  U'ucoc\lic  inliltra- 
lon  into  the  muscle.  The  edema  extends  0..^  to  1  cm.  below  the-  epidernns.  The 
-pidermis  is  shrunken,  cells  p\kiiotic  and  in  the  cential  poitiou  of  the  lesion  com- 
pletely necrotic.  In  the  u])per  layer  of  the  corium  numerous  degeneraling  nuclei 
fre  seen.     Tin-  blood  vessels  show  degeneration  of   the  endothelium  with   small 
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Iln'mal  than  in  the  human  skin  and  the  depth  of  pene.,-at,on  greatev.     The 


,:,  .^_Ka.>,.  u.  .0..  v>„^o.  -r-g,'s/;„rs.rct»s/'"  """"""°" 


Extreme   subcutaneous   edema,      fcindermis   n.crobcu  j 

locahzed  penetration  along  the  hair  folhcles,  so  prominent  in  ''-  '-^  ^H 
does  not  show  in  the  an.mal  sk,n,  the  greater  number  of  han-  '""-';  P"™'™ 
a  ,nore  uniform  access  of  the  liquid.    There  are  no  thromboses  nr  the  damage, 
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Fig.  n . — Rabbit.  Border  of  lesion  two  hours  after  application.  To  the  right  of  the  middle  the 
epidermis  is  still  living,  to  the  left  nearly  completely  necrosed,  necrosis  extending  into  the  upper  portion 
of  the  corium.     Early  edema. 


I-.. 1,      lu.)  liiiui>  .iiiiM    .i|p|iin  ,iii.  II.      ^ii.iii>;<.s  in   e|iiili-rmis  and  curium.      Marked   va.-i 

with  lieginning  migration  of  leucocytes.     Small  hemorrhages  by  diapc<lcsis.      I'larly  edeiii 
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-area.  The  hemorrhages  are  relatively  small  and,  as  in  the  human  skin,  the  ves- 
sels in  the  immediate  lesion  are  contracted  and  anemic.  Around  the  borders  of 
the  lesion  the}-  show  marked  congestion. 

2.  Stage  of  Necrosis. — The  necrosis  of  the  e]:)idermis  and  of  the  underlving 
tissues  steadily  becomes  more  prominent  because  of  the  loss  of  nuclei  in  the 
epidermis  and  upper  part  of  the  corium  of  the  central  part  of  the  lesion.  By  the 
fifth  and  sixth  day  after  the  application  of  the  mustard  gas  the  edema  has  sub- 
sided to  a  marked  degree  and  the  central  part  of  the  lesion  may  be  entirely  with- 
out nuclei  as  far  as  the  lower  portion  of  the  corium.     It  is  bloodless,  rather  dry, 


iMg.   29. 


-Guinea  pig  five  and   one-half  hours  after  application  of  mustard  gas  to   skin   of  abdomen. 
Deep  subcutaneous  edema. 


and  there  is  but  little  leucocyte  infiltration.  Surrounding  this  is  a  narrow  zone 
of  less  marked  necrosis  and  degeneration.  This  gradually  becomes  hyperemicj 
and  small  hemorrhages  by  diapedesis  may  take  place  from  the  damaged  ves- 
sels. In  this  area  there  is  a  more  marked  infiltration  of  leucocytes  but  this  rarely] 
becomes  diffuse,  the  leucocytes  remaining  collected  in  the  neighborhood  of  tl: 
vessels.  Outside  of  this  zone  the  tissues  are  hyperemic,  somewhat  edematous! 
and  show  an  increased  number  of  wandering  cells  for  some  distance. 

3.  Stage  of  Eschar  Formation. — There  gradually  begins  a  separation  of  the 
completely  necrotic  tissue  from  the  living.  This  eschar  consists  of  the  dead  epi- 
dermis and  upper  ])art  of  the  corium,  sometimes  as  far  down  as  the  lower  border^ 
of  the  hair  follicles.  This  drys,  contracts,  becomes  leathery,  but  is  held  in  posi- 
tion by  the  hairs.  There  now  develops  in  the  neighboring  living  tissue  a  produc- 
tive inflammation.     The  shrinking  of  the  necrosed  tissue  and  the  demarcation 
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I'-^ii  .iJ  — KabbiL  six  days  after  application.  Treatment  with  zinc  oxide  paste  live  minutes  after 
ruse  of  mustard  gas.  Center  cf  lesion.  Complete  necrosis  of  epidermis,  hair  follicles  and  upper  portion  of 
coruim,   extending  even   to   the   sweat  glands.      No   reaction. 
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FIk.  .M.-- Kalihit.  Six  (lays  after  apphciihui.  I;i.u.^.iiii  with  zinc  oxide  ointhSciits,  Jive  niinytes  after 
Itlicalioii  iif  mustard  gas.  There  was  no  edema  stage.  I\piderniis  is  dead  and  there 'is'jii  I'foderAte  iiiHani- 
i.ory  reacticjii   in  the  corium.      Reaction   much  less  intense  than  in  control.  — : .'i-u».- ^ 
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Fig.  32. — Rabbit.  Six  Jays  after  application.  Treatment  after  five  minutes  with  two  per  cent  solu- 
tion of  silver  nitrate  and  five  per  cent  lead  acetate.  Primary  edema  was  nearly  completely  controlled  but 
necrosis  six  days  after  is  marked,  extending  deep  into  the  coriuni,  with  more  rapid  separation  of  the  slough. 


Fig.   33. — Kabbit.      Periphery   of  same  lesion  as   Fig.    Z2.     Area   of  less   damage. 
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J-*- — Rabbit.      Six   days   after   apiilication,   untreated.      Border   of   lesion.      Necrosis  less   marked 

Beginning   repair. 


P'K-  35.  —  Rabbit.  Six  days  after  apvlicatioii,  iiutnated.  Intermediate  zone.  Separation  of  ncerolic 
■piderinis  and'  papillary  layer  with  inliltration  of  leucocytes  into  the  necrotic  tissue.  Fibroblastic  prolifera- 
ion  in  lower  part  of  (lerniis  with  regeneration  of  hair   follicles.     Intense  congestion  of  subcutaneous  vessels. 
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with  the  surrounding  reparative  inflammation,  progress  very  slow!}-  until  there 
is  a  regeneration  of  the  epithehum  beneath  the  eschar.  The  latter  remains 
adherent,  usually  until  complete  repair  has  taken  place.  The  repair  of  the  epi- 
dermis takes  place  chiefly  from  the  cells  remaining  in  the  hair  follicles. 

(For  the  histologic  changes  in  animal  tissues  see  F^igs.  25  to  36  inclusive.) 

SUMMARY 

1.  Dichlorethylsulphide  (mustard  gas)  is  an  escharotic,  specific  in  its  action 
upon  the  epidermis  and  tissues  of  corium,  particularly  upon  the  endothelium  of 
the  vessels. 

2.  The  lesion  is  a  chemical  bum  unlike  that  produced  by  heat,  electricity. 


Fig.  36. — Rabbit.     Six  days  after  application,  tmticafe'l.     .■Xdberent  slough,  rer  resenting  the  necrotic  epiderraisj 
and  upper  portion  of  coriiini.   involv'ing  the  hair   follicles. 

or  the  ordinary  corrosives  such  as  sulphiu'ic,  nitric,  and  hydrochloric  acids  on 
strong  alkalies.     Of  all  these  agents,  the  efl:'ects  are  most  closely  allied  to  those- 
of  hydrochloric  acid,  but  are  much  greater  in  intensity.     It  ditTers  from  a  heatj 
burn  in  the  absence  of  thrombosis,  in  the  greater  degree  of  fluid  exudation,  in 
the  greater  moistness  of  the  affected  area  and  in  the  fact  that  the  necrosis  a.-^ 
shown  by  the  loss  of  nuclei  requires  hours,  or  even  days,  for  its  complete  develop- 
ment.    The  coagulated,  shrunken  and  cooked  appearance  of  the  tissues  in  heat 
burns  is  not  apparent  in  the  tissues  of  mustard  gas  burns. 

3.  The  vessels  in  the  affected  area  are  severely  damaged  and  collapsed  and 
there  is  a  local  anemia  in  the  earlier  stages,  with  a  marked  fluid  exudation  and 
leucocyte  migration.     The  process  is  nonhemorrhagic  and  nonthrombosing. 

4.  In  man  the  necrosis  of  the  epidermis  is  usually  evident  in   two  hour^ 


SKIN    LESIONS    PRODUCED    BY    MUSTARD    GAS  479 

through  tlie  hydropic  change  in  the  epitheHum  and  early  vesicle  formation. 
There  is  no  deep  edema.  It  is  confined  to  the  epidermis  and  to  the  papillary 
layer  in  the  early  stages. 

5.  In  animals  the  intense  and  deep  edema  is  most  striking  and  altogether 
different  from  that  seen  in  man.  Vesicle  formation  was  not  noted  by  us  in 
animals. 

6.  The  deep  penetration  of  the  smallest  quantities  applied  to  the  surface  is 
a  most  striking  feature.  There  is  an  undoubted  entrance  through  the  hair  fol- 
licles, sebaceous  and  sweat  glands. 

7.  The  slowly  progressive  character  of  the  necrosis  is  a  specific  character- 
istic, the  height  of  the  necrosis  being  reached  five  to  ten  days  after  application. 
This  may,  in  part,  be  explained  by  contraction  and  death  of  the  vessels  with 
resulting  anemia  in  the  affected  area. 

8.  The  painlessness  of  the  lesion  is  also  a  marked  characteristic.  This  may 
be  explained  by  the  edema  and  degeneration  of  the  nerve  endings  in  the  af- 
fected portion. 

9.  In  none  of  our  animals  was  there  any  conjunctivitis  or  irritation  of  the 
respiratory  tract  produced  by  the  cutaneous  applications.  We  conclude  that 
there  is  no  evidence  of  metastasis  from  the  local  lesion  as  claimed  bv  both  Meyer 
and  Haldane.  We  believe  that  the  conjunctival  and  respiratory  lesions  are  due 
alone  to  the  direct  action  of  mustard  gas  and  when  animals  are  protected  from 
the  vapor  no  lesions  in  these  organs  will  result,  no  matter  how  severe  the  skin 
burn. 

10.  Contrary  to  the  statements  of  certain  English  and  French  observers,  the 
admixture  of  water  does  not  increase  the  escharotic  action,  but  if  the  oil  is  im- 
mediately washed  away,  the  lesion  is  greath-  reduced  in  intcnsit}".  Washing 
within  two  minutes  with  tincture  of  green  soap  may  entireh'  prevent  the  lesion  or 
result  in  only  a  slight  hyperemia. 

11.  We  believe  that  the  lesions  observed  in  the  axilla,  between  the  fingers 
and  toes,  around  the  genitals  and  between  the  thighs  of  men  gassed  in  action  are 
probably  due  to  the  greater  moisture  of  these  parts  from  perspiration  and  the 
resulting  re-solution  of  the  gas. 

12.  The  slow  healing  is  probably  chiefly  due  to  the  vessel  injury  and  the 
relatively  slight  leucocytic  demarcating  infiltration.  In  this  respect  the  lesicjn  is 
strikingly  like  an  x-ray  burn  of  the  skin. 

Our  thanks  are  due  to  Professors  Moses  Gomberg  and  William  Hale  and  the 
Dow  Chemical  Comjxmy  for  pure  and  impure  dichlorethylsuli)hi(U'.  and  to   Dr. 
George  Herrmann  for  aid  in  making  human  ,'ipplications.     Report  on  llu-  ])alhology 
of  the   respiratory   lesions   and   on    llie   indduclion   of    the  conjunclix  itis   will    he 
'  made  later. 
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A  DISCUSSION   OF  THE  LIPOIDS  CONCERNED   IN   GROWTH   WITH 
CLINICAL  OBSERVATIONS  ON  THE  ACTION  OF  TETHELIN* 


By  E.  L.  Barxey.  M.S.,  M.D.,  San  Francisco,  Cal. 


ONE  of  the  most  striking  features  of  modern  research  on  growth  is  the 
increasing  emphasis  which  is  being  placed  upon  the  importance  of  fats  in» 
the  dietary,  not  merely  from  the  standpoint  of  their  calorific  value,  but  also  as 
constituting  or  being  associated  with  substances  essential  lo  growth.^  The  view 
has  recently  been  advanced  that  many  of  these  essential  substances  are  to  be 
regarded,  not  as  nutritive  materials  properly  so  called,  but  as  catalysors  of  the 
growth-process,^  since  substances  of  a  fatty  nature  or  commonly  associated  with 
fats  exist  in  quantities  too  minute  to  be  of  any  nutritive  significance  yet  they  are 
found  decidedly  to  influence  the  rate  of  growth  in  various  tissues. 

Three  of  the  lipoids  especially  concerned  in  the  process  of  growth  are 
cholesterol,  lecithin,  and  tethelin.  Although  cholesterol  is  usually  classed  with 
the  lipoids  on  account  of  its  solubilities  and  its  invariable  association  with  fatty 
substances,  it  is  probably  a  secondary  alcohol.  Lecithin  and  cholesterol  have 
been  extensively  studied.  Both  are  found  in  nearly  all  the  tissues  of  the  animal 
body,  neither  are  found  in  their  identical  form  in  plants,  although  the  isomer  of 
cholesterol  and  substances  closely  related  to  lecithin  are  widely  distributed 
in  plants. 

Many  theories  have  been  advanced  as  to  the  function  of  lecithin.  It 
was  suggested  by  Loew  (1899)  and  again  by  Reicher  (1911)  that  by  the  trans- 
formation of  fatty  substances  into  lecithin,  the  higher  acids  are  offered  to  the 
cells  in  a  soluble  form,  the  same  molecules  of  glycerophosphoric  acid  serving 
repeatedly  as  vehicles  for  oxidation  of  molecules  of  fatty  acids ;  or,  in  other 
W'Ords,  the  physiologic  oxidation  of  fats  in  general  is  made  possible  only  through 
combination  in  lecithin.  A  number  of  investigators  have  suggested  that  lecithin 
is  accumtilated  in  anticipation  of  a  rapid  cell  multiplication  as  the  lecithins  are 
most  abundant  where  growth  is  the  most  active,  and  they  are  decreased  as  the 
seat  of  growth  shifts  to  some  other  tissue.  This  is  illustrated  by  the  comparative 
richness  in  lecithin  of  the  marrow  of  young  bones  and  its  abundance  in  gland 
cells,  eggs,  and  spermatozoa.  Much  experimenting  has  also  been  done  on  the 
effects  of  lecithin  and  other  phosphorus  compounds  on  the  function  of  intra- 
cellular ferments  and  on  digestion,  but  in  these  phases  there  has  been  no  definite^ 
conclusion.  However,  it  has  been  demonstrated  that  lecithin,  administered  b) 
mouth  or  subcutaneously,  is  taken  up  at  once  by  the  tissues  for  their  growth. 

Yolk  of  egg  is  rich  in  lecithin,  and  young  animals  fed  on  egg  yolk  grew 
more  rapidly  and  with  better  bone  development  than  the  control  animals  (as 
demonstrated  by  Cronheim  and  Miiller). 

Cholesterol  is  found  in  all  animal  fats  and  in  nearly  all  the  body  tissues  and 
fluids.    Like  lecithin,  it  is  relatively  more  abundant  in  the  brain  than  in  the  other 

*From  the  Departments  of  Surgery  and  Biochemistry  of  the  University  of  California  Medical  School, 
ban  Francisco,   Cal. 
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organs.  Cholesterol  forms  from  twenty  to  as  much  as  ninety  per  cent  of 
gallstones. 

The  numerous  recent  estimations  of  the  cholesterol  content  of  the  blood  in 
pregnancy  in  its  relation  to  cholelithiasis ;  in  diabetes  showing  a  constant  high 
content,  and  in  pernicious  anemia  showing  a  constant  low  content,  leads  us  to 
expect  that  the  study  of  the  lipoids  will  modify  the  present  prognosis  of  these 
diseases. 

That  cholesterol  is  of  much  importance  in  the  body's  economy  is  shown 
by  the  fact  that  cholesterol  is  a  constant  constituent  of  all  the  cells  and,  when 
these  cells  are  broken  down  in  life  processes,  the  cholesterol  is  not  excreted  but 
is  utilized  again  in  the  formation  of  new  cells.  According  to  Kusumoto,  one 
function  of  the  liver  is  to  break  down  dead  cells,  the  cholesterol  of  which  passes 
with  the  bile  into  the  intestine.  The  cholesterol  is  reabsorbed  and  carried  with 
the  chyle  via  the  thoracic  duct  to  the  blood  and  so  to  the  various  tissues  for 
recombination  into  the  constitution  of  new  cells  ;  thus  cholesterol  is  seemingly 
accumulated  by  lack  of  elimination.  With  age,  the  cholesterol  content  of  the 
body  increases.  This  fact  is  strongly  suggestive  when  considered  with  the 
increased  tendency  to  carcinoma  as  age  advances. 

Experiments  with  the  Flexner-Jobling  carcinoma  in  rats  have  shown  that 
cholesterol  definitely  accelerates  the  growth  of  this  carcinoma.'  But  the  mul- 
tiplex character  of  the  growth  of  animals  is  shown  by  the  fact  that  cholesterol 
retards  the  normal  growth  of  young  mice  although  it  accelerates  the  growth  of 
the  postadolescent  mice.  Lecithin  in  opposition  to  cholesterol,  retards  the 
growth  of  the  Flexner-Jobling  carcinoma  in  rats,  but  accelerates  the  normal 
growth  of  tadpoles,  both  in  weight  and  linear  dimensions.* 

For  the  past  thirty  years,  growth  has  been  considered  more  or  less  under 
the  influence  of  the  pituitary  body.  Marie,  in  1886,  associated  gigantism  with 
an  oversecretion  of  the  pituitary  body  during  youth,  and  acromegaly  with  an 
overactive  secretion  during  maturity.  Since  the  time  of  Marie's  clinical  obser- 
vations and  the  first  extirpation  of  the  pituitary  in  the  same  year  by  Victor 
Horsley,  there  has  been  a  great  amount  of  experimentation  in  which  the  work 
of  Gushing  is  preeminent;  and  while  some  very  valuable  facts  were  disclosed 
concerning  the  posterior  lobe  of  the  pituitary,  the  function  of  the  anterior  lobe 
remained  hazy. 

The  pituitary  body  develops  at  the  extremity  of  the  notochord  and  contains 
rudiments  of  its  origin  from  ectoderm,  mesoderm,  and  entoderm.  The  striking 
feature  in  the  development  of  the  pituitary  body  is  that  it  originate  at  tlu'  meet- 
ing point  of  that  portion  of  the  ovum  from  which  the  nervous  centers,  the  ali- 
mentary canal,  the  mouth,  and  the  base  of  the  skull  are  developed.  The  pos- 
terior lobe  of  the  pituitary  develops  as  the  infundihnhnn  and  !•>  iutnous  in  ori"-in, 
and,  while  it  has  a  marked  influence  on  blood  |)ressure  and  the  contractions  of 
smooth  muscles,  it  is  not  essential  to  life.  The  anterior  lobe  arises  from  the 
pharynx  or  up{)er  end  of  the  primitive  intcstiiu'.  is  distincth  glandular  in  l\pe, 
resembling  the  parathyroids  jn  structure,  and  it  is  essentia!  to  life. 

Extracts  or  emulsions  of  the  anterior  lohc  cause  a  retardation  of  growth  in 
"Ung  animals,"'  but  in  postadolescent  animals  growth   is  accelerated.     l'',\tracts 
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or  emulsions  of  the  anterior  lobe  also  cause  an  acceleration  in  the  growth  and 
an  increase  in  the  malignancy  of  the  Flexner-Jobling  carcinoma  in  rats/'  After 
considering  the  action  of  the  lipoids — lecithin  and  cholesterol — it  was  a  logical 
hypothesis  that  the  chemical  substance  of  the  anterior  lobe  which  intiuences 
growth  is  a  lipoid.  Following  up  this  idea,  Robertson,  in  1916,  published  a 
series  of  articles  in  which  he  described  a  lipoid  which  he  had  isolated  from  ther 
anterior  lobe  of  the  jntuitary  body.  Each  pituitary  yields  about  10  milligrams 
of  this  substance.  It  is  soluble  in  alcohol  and  ether,  and,  like  lecithin,  is  a 
fatty  substance  in  combination  with  phosphorus  and  nitrogen.  Its  phosphorus 
content  is  1.4  per  cent  and  for  every  atom  of  phosphorus  there  are  four  of 
nitrogen." 

This  lipoid  influences  growth  in  the  same  way  as'  extracts  or  emulsions  of 
the  anterior  lobe  of  the  pituitary ;  that  is,  it  apparently  retards  growth  whei; 
administered  to  animals  before  the  age  of  adolescence,  and  accelerates  growth  in 
the  postadolescent  period.*  It  increases  the  rate  of  growth  of  the  Flexner-Job- 
ling carcinoma  in  rats  in  the  same  way  as  whole  anterior  lobe  tissue.''  In  view 
of  these  experimental  results,  Robertson  suggests  that  this  lipoid  is  the  active 
principle  of  the  anterior  lobe  in  its  influence  on  growth.  It  was  termed  tetheiin 
from  Te6riX.v<i  "growing."  The  effect  of  tetheiin  on  the  repair  tissue  was 
studied  by  experiments  on  mice  wounded  by  the  excision  of  small  pieces  of 
skin."  Tetheiin  was  administered  hypodermically  and  it  showed  a  stimulating 
action  on  tissue  repair. 

No  w^ork  has  yet  been  published  on  the  eft'ect  of  tetheiin  as  an  accelerator 
of  repair  in  cases  of  delayed  union  of  fractures,  but  reasoning  from  the  basis 
that  acromegaly  is  caused  by  a  hypersecretion  of  the  anterior  lobe  of  the  pituitary/ 
it  would  appear  that  tetheiin  would  have  a  very  great  value  in  certain  cases  of 
delayed  union.  And  may  we  not  anticipate  less  tedious  results  in  the  various 
forms  of  skin  grafting,  also  in  treating  gastric  ulcers,  and  in  fact  in  almost  all 
epithelial  lesions  tending  to  chronicity. 

Following  the  suggestion  received  by  the  experimental  work  on  wounds 
in  mice,  it  was  decided  to  use  tetheiin  in  the  treatment  of  several  types  of  indo- 
lent ulcers,  the  results  of  which  are  given  below.  With  one  exception,  it  wa> 
not  used  in  any  case  where  the  usual  ointments  and  stimulators  of  granulation 
tissue  had  not  been  extensively  tried  without  success ;  nor  was  it  used  in  ulcers 
for  which  there  is  a  well-recognized  and  efficacious  treatment — as  in  luetic  ulcers. 

The  experiments  of  C.L.A.  Schmidt  have  shown  that  tetheiin  is  nontoxic  am 
nonantigenic,  hence  it  is  therapeutically  without  danger  to  the  patient. ^^ 

To  reach  the  limits  of  the  pharmacopeia  and  to  exhaust  the  patience  of  tht 
physician  probably  nothing  can  surpass  certain  types  of  ulcers,  and  especially 
when  the  cases  are  ambulatory.  With  leg  ulcers,  rest  is  usually  of  the  utmos 
importance  but  many  patients  are  unwilling  and  many  more  are  unable  to  secui' 
continued  rest  in  bed  for  a  sufliicient  time. 

As  each  person  has  a  different  physiology,  so  each  ulcer  differs  from  ever; 
other ;  some  ulcers  refuse  to  heal  under  treatment  that  has  sutffced  in  othe 
cases  which  appear  to  be  similar.  All  that  is  needed  in  some  cases  is  a  soothin; 
dressing  and  a  choice  may  be  made  from  a  long  list  of  ointments — zinc  oxid< 
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boric,  Lassar's  paste,  bismuth  paste,  vaseline,  etc.  For  stimulation  there  is  also 
a  goodly  number  to  choose  from — silver  nitrate,  iodine,  napthalene  flakes,  bal- 
sam of  Peru  scarlet  red.  The  list  of  wet  dressings  is  equally  long.  There  is 
likewise  great  variation  in  dressings  in  which  the  antiseptic  feature  is  prominent — 
from  a  solution  of  iodine  and  alcohol  to  Dakin's  solution. 

The  following  cases  were  selected  because  to  each  had  been  applied  a 
varietv  of  common  remedies  without  success,  which  fact  served  somewhat  as 
a  control. 

All  the  cases  were  treated  in  the  out-patient  department  of  the  University 
of  California  Medical  School. 

jMiss  S.  O.,  stenograjiher,  a<2:e  twenty-seven  ^ears.  Entered  surgical  clinic,  August 
23,    1917. 

Diagnosis. — Chronic   pyogenic   granuloma  on   finger. 

History  negative  except  that  two  years  before  siie  had  vomited  a  small  quantity  of 
blood  after  several  hours  of  dancing.  No  medical  diagnosis  available  of  her  condition  at 
that  time.     She  recovered  in  a  few  days  and  there  has  hecu  no  recurrence. 

On  the  first  of  July,  1917,  a  wart  on  her  finger  became  infected  by  a  splinter.  After 
the  infection  subsided,  an  ulcer  resulted  which  did  not  heal  although  under  the  treatment 
of  a  physician.     After  a  duration  of  seven  weeks,  patient  entered  the  surgical  clinic. 

Examination  showed  an  ulcer  1^  cm-  in  length  on  the  extensor  surface,  middle 
phalanx  of  middle  finger  of  left  hand.  The  ulcer  had  a  fibrous  margin  and  base  of  gray, 
soft  granulation  tissue.  Under  nitrous-oxide  anesthesia,  ulcer  was  curetted  August  23; 
dry  gauze  dressing  applied,  followed  in  twenty-four  hours  with  zinc  oxide  ointment  dress- 
ing daily.  August  29  the  ulcer  was  irregular  in  shape,  0.9  cm.  wn'de  in  lower  portion  and 
0.6  in  upper  portion,  and  1.6  cm.  in  length.  Granulation  lieginning  to  appear  but  surface 
of  ulcer  still  concave.  Gauze  wet  with  a  solution  of  100  milligrams  of  tethelin  in  5  c.c.  of 
sterile  distilled  water. 

Second  Treatment. — .\ugust  31,  powdered  tethelin,   100  mg.  used. 

Third  Trcatiiiciil. — September  1,  powdered  tethelin  ICO  mg.  Granulations  level  with 
skin  and  thin  line  of  epithelium  growing-  in.     Ulcer  1.5  and  0.5  in  width  and  0.8  in  length. 

Fourth  Treatment. — September  3,  powdered  tethelin,  100  mg.  Upper  portion  of  ulcer 
I  which  was  0.5  in  width  healed,  and  lower  portion  now  0.5  cm.  in  diameter. 

Fifth   TrcaimcnH. — September  5.     Ulcer  now  0.3  in  diam.eter  and  healing. 

Patient  not  seen  again  until  September  11  because  of  disturbances  in  the  city's  street 
car  service.  But  when  seen,  September  11,  the  ulcer  was  covered  with  a  scab  formed  of 
powdered  tethelin  and  epithelium.  This  wa.-.  removed.  The  ulcer  was  entirely  healed- 
Patient  was  seen  one  and  one-half  months  later;  the  ulcer  had  remained  healed  and  no  scar 
was  visible. 

E.  T.,  farmer,  age  twenty-nine  years. 

Piaj/nosis. — Varicose  ulcer. 

Entered  surgical  clinic,  .-\ugust  15,  1917. 

History. — Twelve  years  ago  had  had  t\phoid  fever  resulting  in  a  phlebitis  in  legs.  Legs- 
had  remained  somewhat  enlarged  since  that  time-  In  May,  1917,  infected  by  insect  bite  fol- 
lowed by  scratching,  which  resulted  in  an  ulcer.  Ulcer  did  not  heal.  Three  months  later, 
•A.ug.  8,  1917,  he  entered  the  University  of  California  Hospital  and  ihc  ulcer  was  curetted. 
Wassermann  negative.  Transferred  to  the  out-patient  department,  .\ug.  15.  \'->]7-  IMcer 
dressed  in  surgical  clinic  with  Lassar's  paste,  lender  this  treatment  ulcer  was  healing  sluwly- 
After  two  weeks  of  this  treatment,  .August  29,  when  tethelin  was  first  used,  the  surgical  con- 
dition was  as  follows:  (hi  inner  and  anterior  surface  nf  left  leg,  halfwax  lielween  kiue  and 
ankle  was  an  ulcer  1  cm.  in  diameter,  I)asc  filled  with  lu-althy  granulation  lis-uc,  but  still 
slightly  below  the  level  ni  llu'  skin.      Area  almul   ulrcr   iiidnratcd.   \eins   Naricosrd. 

First  Treatment. — .August  29,  ulcer  1  cm.  in  dianulir.  100  mi;,  of  tethelin  in  5  c.c- 
sterile  distilled  water  on  gauze  ajjplied  to  ulcer. 

Second  Treat)nent — .August  30,  ulcer  was  covered  with  eiiitlulinm  except  for  sn-i;dl  cen- 
ter of  2  mm.  The  epithelium  appeared  to  lie  in  several  layers  and  was  comiiarable  to  a 
growth  of  rajiidly  gmwing  baiteria  as  staphylococcus.  W'rt  drcssin;;  of  titlulin  100  mg. 
pgain  used. 
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Third  Tn-aiinenf.— September  1.  ulcer  covered  with  epithelium  and  surface  slightly  con- 
vex.    Powdered  tethelin  applied. 

September  3.     Ulcer  healed.     Patient  discharged. 

W.  A.,  waiter,  age  forty-two  years- 

Diagnosis. — Indolent  pyogenic  ulcer. 

Entered  surgical  clinic  Sept.  17,  1917. 

History — Patient  entered  Skin  Clinic  August  20,  1917.  Complaint — ulcer  on  leg.  Three 
weeks  previoush",  infected  leg  and  ulcer  resulted.  Upon  entering  skin  clinic  ulcer  was  4  cm. 
in  diameter.  Diagnosed  as  pyogenic  ulcer  and  the  surrounding  area  as  an  impetiginous 
dermatitis.  Wassermann  taken  in  June,  1917,  at  a  private  laboratory,  A\-as  negative.  The 
ulcer  was  treated  in  the  skin  clinic  with  Lassar's  paste  and  ammoniated  mercury.  Patient 
was  given  a  prescription  of  ammoniated  mercury  and  diachylon  ointment  to  be  applied  twice 
a  day-  Under  this  treatment  the  ulcer  healed  rapidly  for  the  first  week  but  after  that  it 
healed  more  slowly,  and  finally  during  the  last  week  remained   fairly  stationary. 

On  September  17,  after  four  weeks  in  the  clinic,  patient  was  transferred  to  surgical 
clinic  for  treatment  with  tethelin.  The  ulcer  was  at  that  time  but  lxl>4  cm.  and  seemed 
to  be  healing,  although  it  was  recorded  as  being  about  that  size  for  a  week  past. 

September  17,  wet  dressing,   100  mg.  tethelin  applied. 

September  18,  same  treatment.  Granulations  healthy- 
September  19,  powdered  tethelin.  Granulations  level  with  skin  and  epithelium  grow- 
ing in. 

Following  the  treatment  with  the  powdered  tethelin  the  granulations  immediately 
broke  down.  The  two  cases  preceding  this  had  been  treated  with  tethelin  pow'der  with 
good  results  but  this  particular  ulcer  was  set  back  by  it,  probably  on  account  of  the 
irritation  due  to  contamination  of  the  preparation  by  a  small  proportion  of  inorganic 
salts  (sodium  sulphate).  Tethelin  in  solution  was  again  used  and  in  24  hours  the  granu- 
lations were  again  healthy.  The  solution  was  continued  for  the  next  week  and  although 
the  granulations   continued   of  healthy  appearance,   the   epithelium   failed   to  grow. 

October  5,  100  mg-  tethelin  was  injected  beneath  ulcer  and  a  dry  gauze  dressing  used. 

October  8,  second  subcutaneous  injection  given  beneath  ulcer  which  in  the  past  three 
days  had  decreased  one-half  in  size. 

October  12,  third  subcutaneous  injection  given  beneath  ulcer.  Blood  for  Wassermann 
taken  to  complete  record. 

October  15,  ulcer  healed.  Wassermann  one-plus.  During  the  time  the  patient  was 
in  attendance  at  the  clinic,  he  was  working  as  a  waiter,  which  employment  is  least  suited 
to  the  healing  of  an  ulcer. 

C.   G.,   schoolgirl,   age   sixteen  years.      Entered   surgical   clinic   Oct.   20,    1917. 

Diagnosis. — Ulcer  on  leg. 

Two  months  before  entering  the  clinic,  she  struck  her  shin  on  a  box.  Hematoma 
formed,  became  infected  and  ulcer  resulted.  Two  months  of  treatment  by  a  physician  be- 
fore entering  clinic. 

Ulcer  at  first  examination  in  clinic  was  irregular  in  shape,  2  cm.  in  diameter,  deepb 
sunken  below  level  of  skin;  unhealthy  base  covered  with  sluggish  granulations,  thickened 
margin.     Ulcer  situated  on  crest  of  tibia  about   12  cm.  above  ankle. 

Subcutaneous  injections  of  tethelin,  100  mg.  were  given  along  margin  of  ulcer  until 
red  granulations  appeared.     Then  tethelin  used  as  a  wet  dressing.     Ulcer  continued  to  heal; 

October  31,  tethelin  mixed  with  lanolin  applied  to  ulcer.  Several  days  later,  patienti 
fell  on  school  ground,  bruising  ulcer.  After  November  15  tethelin  no  longer  used,  ulcer 
was  healed  all  but  5  mm.     Patient  given  lanolin  to  use  at  home. 

J.   N.,   Italian  girl,  age  sixteen  years.     Entered   surgical   clinic   May  29,    1916. 

Diagnosis. — Ulcer  on  leg. 

History. — Ulcer  began  eleven  years  ago,  1906,  when  patient  was  six  years  old.  I 
began  near  the  right  internal  malleolus  but  spread  upward,  gradually  involving  nearly  al 
of  the  anterior  aspect  of  the  leg.  Not  treated  for  one  year;  then  operated  on  by  a  sur 
geon  in  Tennessee,  who  removed  part  of  the  middle  third  of  the  tibia.  Wound  not  en 
tirely  healed  until  two  years  later.  Remamed  healed  for  nearly  seven  years,  but  in  No 
vember,  1915,  after  trauma  to  leg,  a  small  ulcer  appeared  on  the  site  of  the  old  operati\ 
scar.     This  second  ulcer  gradually  increased  in  size. 

When  patient  entered  clinic,  six  months  after  ulcer  appeared,  there  was  a  lari^ 
irregular  ulcer  on  inner  surface  of  upper  and  middle  third  of  right  leg,  with  a  punched 
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out  border  and  slight  purulent  discharge.  Wassermann  in  blood  at  this  time  negative. 
Ulcer  was  dressed  with  ammoniated  mercur}-  ointment  and  patient  given  potassium  iodide 
and  mercuric  chloride. 

During  the  next  three  months,  until  September  2,  1916,  the  patient  continued  mixed 
treatment  and  the  ulcer  received  a  variet\-  of  medications,  including  balsam  of  Peru  and 
zinc  oxide  ointment,  aristol,  strapping  with  zinc  oxide  tape,  and  ammoniated  mercury 
ointment;  the  last  being  used  the  greater  part  of  the  time  but  the  ulcer  showed  no  con- 
stant tendency  to  heal.  After  this  period,  Sept.  2,  1916,  the  same  dressings  were  continued 
but  more  vigorous  luetic  treatment  was  adopted.  Though  the  Wassermann  had  been 
negative  and  radiograms  of  the  bones  of  the  other  leg,  the  clavicles  and  the  humeri  were 
also  negative,  yet  a  radiogram  of  the  right  leg  showed  the  tibia  to  be  somewhat  enlarged 
and  bowed-  It  was  of  course  impossible  to  estimate  how  much  of  this  bowing  and  en- 
largement was  due  to  the  operative  measures  at  seven  years  of  age. 

The  more  energetic  luetic  treatment  consisted  of  ^  c.c.  of  mercuric  salicylate,  of  20 
per  cent  strength,  injected  once  a  week  into  the  gluteal  muscles.  In  the  record  is  noted 
a  remarkable  improvement  in  the  ulcer  after  two  administrations  of  the  mercuric  salicylate, 
but  a  month  later  it  was  recorded  that,  although  the  wound  was  covered  with  healthy 
granulations,  the  epithelium  grew  very  slowly.  Two  months  after  the  mercuric  salicylate 
was  begun,  potassium  iodide  by  mouth  was  administered  up  to  45  gtt.  daily.  Nearly  four 
months  after  the  first  treatment  with  he  mercuric  salicylate,  the  patient  was  discharged 
from  the  surgical  clinic,  the  ulcer  being  healed,  Dec.  26,  1916.  The  potassium  iodide  was 
discontinued  but  the  mercuric  salicylate  was  continued.  The  ulcer  remained  healed  eight 
weeks  until  February,  1917,  when  the  skin  was  again  traumatized  and  a  new-  ulcer  formed 
on  the  old  scar.  The  administration  of  mercuric  salicylate  was  continued  but  the  ulcer 
continued  to  increase  in  size.  On  Alarch  13,  1917,  potassium  iodide  was  resumed  and 
gradually  increased  to  60  gtt.  daily.  Salvarsan  was  also  added  to  the  treatment.  The 
ulcer  continued  to  show  no  constant  tendency  to  heal. 

From  August  16,  1917,  the  local  treatment  of  the  ulcer  was  augmented  by  daily 
exposures  to  alpine  light  for  ten  to  twenty  minutes  and  dressed  with  Lassar's  paste  (with- 
out salicylic  acid).  The  alpine  light  was  continued  for  one  month,  during  which  time 
the  ulcer  showed  some  improvement. 

On  Sept.  13,  1917,  all  luetic  treatment  and  the  alpine  light  were  stopped,  and  treat- 
ment with  tethelin  commenced.  During  the  year,  from  Sept.  2,  1916,  to  Sept.  13,  1917, 
the  patient  had  received  34  injections  of  y^  c.c.  of  mercuric  salicylate  in  20  per  cent 
strength,  and,  for  the  greater  part  of  the  time,  a  saturated  solution  of  potassium  iodide 
up  to  60  gtt.  daily,  also  four  intravenous  injections  of  salvarsan.  And  during  that  year  of 
luetic  treatment,   the  ulcer  had  been   w'ell    for   a  period   of   eight    weeks   only. 

At  the  time,  Sept.  13,  1917,  when  all  luetic  treatment  was  stopped  and  treatment  with 
tethelin  begun,  there  were  two  ulcers  close  to  the  inner  margin  of  the  crest  of  the  tibia 
in  the  middle  third  of  the  leg.  The  upper  ulcer  was  of  crescent  shape,  3.5  cm.  in  length 
and  its  greatest  width  was  1  cm.  The  granulations  were  uneven  and  the  margin  ragged 
and  unhealthy.  The  lower  ulcer,  lying  1  cm-  inferiorly  was  2.1  cm.  in  length  and  1.8  cm.  in 
width,  was  healthy  and  the  epithelium  was  growing  in.  The  ulcers  were  extremely  sensi- 
tive to  touch. 

For  one  week,  gauze  wet  with  a  solution  of  200  mg.  of  tethelin  in  10  c.c.  of  sterile 
distilled  v.'ater  was  daily  applied  to  the  wound.  For  the  first  four  days,  there  was  a 
marked  improvement  but  by  the  end  of  the  eighth  day  the  new  epithelium  was  breaking 
down  in  one  area  as  fast  as  it  grew  in  another.  Powdered  tethelin  was  then  used  and 
this  proved  too  irritating,  and  the  granulations  broke  down.  For  a  week  no  tethelin  was 
applied  ])ut  aristol  was  dusted  over  the  ulcer.  Under  this  treatment  the  ulcer  increased  in 
size  and  lost  all  appearance  of  healing.  At  the  end  of  a  week  of  treatment  witii  aristol, 
Oct.  3,  1917,  the  two  ulcers  had  united  forming  an  area  7  cm.  in  length  and  2  cm.  in 
width ;  the  granulations  were  uneven,  there  was  considerable  secretion,  and  the  patches 
of  epithelium  were  defoliating.  On  Oct.  3,  subcutaneous  injections  of  100  mg.  of  tetlulin 
were  given  near  the  margin  of  the  ulcer.  Dry  gauze  dressing.  This  treatment  continued 
for  one  week;  ulcer  improved  but  the  dry  gauze  injured  tlie  new  eijithelium.  On  Oct. 
10,  therefore,  wet  dressings  of  100  mg-  in  10  c.c.  of  sterile  distilled  water  (twice  the  dilu- 
lion  before  used)  were  employed  in  addition  to  the  subcutaneous  injections  of  tethelin. 
Two  weeks  later,  although  the  ulcer  was  healthy  and  healing,  it  was  thought  to  lessen 
trauma  to  the  new  tissue  by  using  a  mixture  of  tetlielin  in  some  fatty  svibstance.  Lanolin 
was  chosen,  as  the  tethelin  is  remarkably  hygri)sc<)i)ic  and  lanolin  cai)able  of  dissolving 
.vater.     This  mixture   worked    reniarkalilv   well.     On    Xov.    17,    1<)17,   tlu'   idcer   was   but   iVi 
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cm.  in  lengtli.  On  Nov.  22,  1917,  it  wa*^  but  1  cm.  in  diameter,  there  licing  a  reduction  in 
length   from  7  cm.  to  1  cm.  in  six  weeks. 

On  Nov.  30,  the  patient  called  at  the  clinic,  after  a  holiday,  with  the  skin  lacerated 
just  below  the  knee  and  the  area  of  ulceration  bruised.  Xo  information  could  be  obtained 
as  to  how  the  leg  was  injured.     However,  the  injury  was  of  no  permanent  consequence. 

During  December,  lanolin  only  was  used  as  the  available  supply  of  tethelin  had  been 
•exhausted.  On  Dec.  30,  the  ulcer  was  0.7  cm-  in  length  and  0.3  cm.  in  width,  having 
remained  nearly  stationary  for  a  period  of  four  weeks.  Jan.  2,  1918,  a  few  tubes  of 
tethelin  were  obtained,  and  the  ulcer  given  two  successive  treatments  with  tethelin.  By 
Jan.  7,  1918,  the  ulcer  had  healed  and  the  case  was  dismissed.  Four  weeks  later,  Feb.  2, 
the  patient  reported  to  the  clinic.     The  ulcer  had  remained  healed. 

There  is  no  doubt  that  this  ulcer  will  recur  if  the  crest  of  the  tibia  is  traumatized. 
When  healed,  the  epithelium  over  an  area  of  27  cm.  is  closely  adherent  to  the  periosteum 
of  the  tiljia  ;  the  blood  supply  is  very  deficient,  there  is  no  snlicutaneous  tissue,  and  unless 
this  portion  of  the  leg  is  covered  by  a  protecti^■e  dressing,  the  ulcer  will  sooner  or  later 
recur. 

There  has  been  a  certain  .satisfaction  in  heahng  this  ulcer  with  tethehn  as 
it  was  nearly  a  year's  duration  and  had  run  the  whole  gamut  of  ulcer  treatment. 

In  a  case  of  Basin's  disease  in  a  child  six  years  old,  tethelin  was  also  tried. 
Here  there  were  several  ulcers  and  a  control  coitld  be  had.  Tethelin  was  tried 
for  two  weeks  without  success.  Other  forms  of  local  treatment  were  also  un- 
.availing  until   the   patient   was   given  bichloride  baths. 

Mrs.   H.,   age   sixty  years.     Admitted   to   clinic   Oct.  28,    1917. 

Co)iiplaiiit — Several  ulcers  in  old   scar. 

History  dating  to  childhood.  No  Wassermann  taken.  Solution  of  tethelin  used  over 
a  period  of  two  weeks.  The  inflammation  surrounding  the  ulcers  subsided  and  one  small 
ulcer  showed  new  granulation  tissue  Init  after  two  weeks  of  treatment  the  patient  did  not 
return  to  the  clinic. 

D.  E.,  age  eleven  years.     Treatment  Ijegun  Aug.  29,   1917. 

Tethelin  was  used  in  solution  on  a  healthy  operative  wound  on  the  thigh  over  an 
area  from  which  a  Wolfe  graft  had  been  taken.  In  two  treatments  the  granulations  be^ 
came  exuberant  and  had  to  be  cauterized  with  silver  nitrate.  As  there  was  no  control,  the 
results  in  this  case  seem  only  to  have  shown  that  tethelin  did  not  cause  a  retardation  of 
the  growth  of  the  granulation  tissue. 

SUMMARY 

1.  The  significance  of  lipoids  in  the  various  processes  related  to  growth] 
is  discussed. 

2.  Evidence  is  advanced  of  the  efficiency  of  tethelin,  a  lipoid  extracted] 
from  the  anterior  lobe  of  the  pituitary  body,  in  the  treatment  of  chronic  ulcers. 
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THE  GONOCOCCIDAL  ACTION   OF  PROTEIN  SILVER  SOLUTION 

IN  VITRO* 


With    Special   Reference  to   the   Silver-Fastness   of   Gonococci 


By  Harry  Culver,  M.D.,  Chicago,  III. 


THE  ideal  therapeutic  agent  for  a  local  infection  is  one  which  has  an  elective 
action  against  the  microorganisms  without  doing  damage  to  the  tissues.  Nu- 
merous chemical  agents  when  in  sufficient  concentration  in  vitro,  have  marked 
destructive  action  on  many  pathogenic  bacteria  but  the  concentration  contra- 
indicates  their  use  in  infected  tissues. 

The  gonococcus  has  very  little  resistance  to  many  ordinary  chemicals  used 
as  germicides,  its  tolerance  to  protein  silver  salts  being  so  meager  that  these 
substances  might  be  known  as  specifics  for  gonococcal  infection,  were  it  pos- 
sible for  the  silver  solution  in  proper  concentration  to  come  in  contact  with 
all  gonococci  in  the  tissues.  However,  it  has  been  repeatedly  demonstrated, 
both  experimentally  and  clinically,  that  after  thirty-six  to  forty-eight  hours 
after  the  inoculation  of  the  mucous  membrane  with  gonococci  the  organisms 
have  penetrated  between  the  epithelial  cells  and  lie  safely  protected  in  the  sub- 
mucosal connective  tissues.  Chemicals  which  would  reach,  and  destrov  gono- 
cocci in  the  urethra,  or  even  those  between  the  epithelial  cells,  may  not  have  the 
penetrating  power  necessary  to  reach  the  submucosa.  or  may  reach  it  so  diluted 
by  tissue  juices,  that  the  concentration  is  not  sufficient  to  kill  the  organisms 
with  which  they  come  in  contact. 

Scholtz*  has  found  that  by  injecting  the  urethra  of  a  man  suft'ering  from 
acute  gonorrhea,  with  protargol  l^^-3%  argentamine  or  silver  nitrate  1  to  3000, 
and  holding  it  for  20  to  30  minutes,  after  which  the  medicament  was  removed 
by  urethral  irrigation,  the  surface  ei)ithelium,  removed  with  a  curette,  con- 
tained many  intra-  and  extracellular  gonococci  which  could  not  be  artificially 
cultivated.  He  therefore  concluded  that  the  organisms  of  the  surface  mucous 
membrane  were  dead.  He  also  found  by  similar  methods  that  the  deeper 
mucosa   and   submucosal   tissues   contained   fixing,    cufiixatablc   organisms. 

The  number  of  silver  preparations  now  being  usi'd  is  large.  I'rom  tlieir 
chemical  structure  and  reported  thera|>eutic  worth,  il  nnisl  be  ooncfiukHl  that 
they  all  have  more  or  less  value  as  gonococcidal  agents.  One  is  fre(|uentlv  ctm- 
fronted  with  the  (|uestion  of  relative  gonococcidal  strength  of  these  various 
silver  j)rei)arations.  Certain  strengths  of  eacfi  of  tliese  salts  are  recommended 
by  manufacturers  for  clinical  use,  but  no  imblications  are  available  of  tlie 
relative  activity  of  tliese  pre])arations  /;/  I'ltro,  ibei-elore  foni-  comnionh  w-^v^X 
silver  salts  argyrol,  siKol,  protargol,  and  nargol  were  t.iken  a>  being  ;i  I'airK 
representative  list    from    lfii>   group    for   standardi/.ation. 


"Fidiii    till'    I)i-|N-irlnK'nt    (if    l'atlinlri>rv    ami    rLictcrinlnKv,    riiivcr.sily    of    JUiiiois,    (."iillfKi;    of    .Mciliciiic, 
>-hicago.  111. 

"I'riiiziiiii-ii   (k-r  Coiilliliaiidlini'.;.    Dcnlscli.   iiicil.    Wcliiischr..    190.=;,   No.   J.l,   )>.   935. 
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TECH  NIC 

Ten  small  test  tubes  are  placed  in  a  rack  and  in  each  is  put  a  standard 
amount  of  sterile  hydrocele  broth.  A  determined  amount  of  freshly  prepared 
silver  solution  is  added  to  each  tube  to  make  the  silver  in  the  following  dilutions 
2%-\%-y2%-yA%,  etc.,  to  1/128%  with  one  tube  of  hydrocele  broth  as  a  con- 
trol. To  each  of  these  tubes  is  added  a  standard  amount  of  a  suspension  of  a 
24-hour  growth  of  gonococci.  As  the  organisms  are  added  the  tube  is  agitated 
to  get  an  even  mixture  and  at  once  a  drop  of  this  mixture  is  inoculated  on  a 
long  blood  agar  slant.  The  slant  is  covered  with  either  the  water  of  conden- 
sation, already  in  the  tube,  or  a  few  drops  of  sterile  water  to  dilute  the  gonococ- 
cidal  agent  brought  over  with  the  organisms.  Similar  tube  inoculations  are 
made"  after  the  various  periods  of  exposure  of  the  gonococci  to  the  gonococci- 
dal  agent,  which  periods  were  5  min.,  10  min.,  30  niin.,  and  one  hour.  All 
inoculated  tubes  were  incubated  at  ?)7°  C.  for  48  hours  and  the  colonies  on  the 
tubes  were  counted  or  approximated.  To  be  relatively  certain  of  the  accuracy 
of  the  results,  these  experiments  were  repeated  six  times  for  each  silver  salt 
represented,  and  Table  I  represents  average  experiments  selected  from  the 
above  mentioned  list. 

Table  I 

Showing  the  Relative  Activity  oe  Argvrol,  Protargol,  Silvol  and  Nargol  against 

Gonococci  in  Vitro 


ARGVROL 

AT 

5 

10 

30 

1 

SILVOL 

AT 

5 

10 

30 

1 

ONCE 

MIN. 

MIN. 

MIN. 

HR. 

ONCE 

MIN. 

MIN. 

MIN. 

HR. 

2% 

0 

0 

0 

0 

0 

2% 

0 

0 

0 

0 

0 

1% 

0 

0 

0 

0 

0 

1% 

0 

0 

0 

0 

0 

K% 

4 

0 

0 

0 

0 

/2% 

0 

0 

0 

0 

0 

yA% 

11 

10 

0 

0 

0 

^% 

100 

100 

0 

0 

0 

%% 

10 

12 

25 

0 

0 

M7o 

50 

10 

15 

0 

0 

1/16% 

25 

10 

20 

25 

0 

\/\67o 

100 

10 

25 

0 

0 

1/32% 

200 

400 

10 

25 

10 

1/32% 

500 

200 

250 

0 

G 

1/64% 

200 

50 

15 

500 

200 

1/647^ 

200 

2000 

2000 

100 

0 

1/128% 

1000 

100 

400 

100 

200 

l/1287o 

3000 

2000 

3000 

3000 

0 

Control 

2000 

1000 

1000 

1000 

1500 

PROTAR- 

AT 

5 

10 

30 

1 

NARGOL 

AT 

5 

10 

30 

1 

GOL 

ONCE 

MIN. 

MIN. 

MIN. 

HR. 

ONCE 

MIN. 

MIN. 

MIN. 

HR. 

2% 

0 

0 

0 

0 

0 

2% 

0 

0 

0 

0 

0 

1% 

0 

0 

0 

0 

0 

1% 

0 

0 

0 

0 

0 

/2% 

0 

0 

0 

0 

0 

/2% 

0 

0 

0 

0 

0 

%% 

0 

0 

0 

0 

0 

^/4% 

0 

0 

0 

0 

0 

%% 

50 

25 

0 

0 

0 

/8% 

50 

100 

0 

0 

0 

1/16% 

50 

10 

15 

0 

0 

1/16% 

1000 

40 

0 

0 

0 

1/32% 

500 

50 

200 

0 

0 

1/32% 

1000 

500 

11 

0 

0 

1/64% 

300 

250 

100 

100 

0 

1/64% 

2000 

SO 

400 

11 

0 

l/1287o 

1000 

200 

1000 

50 

100 

1/128% 

2000 

1000 

1000 

500 

100 

From  this  table  it  can  readily  be  seen  that  beyond  a  certain  concentration 
in  all  of  these  silver  salts  an  instantaneous  exposure  is  sufficient  to  kill  all 
gonococci  with  which  they  come  in  contact.  This  concentration  is  also  seen  to 
be  well  below  that  usuallv  used  of  the  same   silver  solution  clinicallv.     How- 
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ever  the  exposure  of  unprotected  organisms  to  the  action  of  germicides  in  vitro 
is  very  different  from  the  appHcation  of  a  similar  strength  of  germicide  in 
vivo  where  the  organisms  may  be  inaccessible  and  protected  by  diluting  tissue 
juices.  Nevertheless,  the  relative  action  of  these  silver  solutions  /;;  vitro  rep- 
resents their  probable  relative  action  i)i  vivo,  since  their  penetrating  cjualities 
are  not  known  to  differ. 

From  this  table,  one  must  conclude  that  protargol  and  nargol  have  prac- 
tically the  same  gonococcidal  power,  since  they  both  kill  in  ^  per  cent  con- 
centration both  on  exposure  for  an  instant  and  also  for  a  five-minute  exposure. 
There  is  further  equality  of  action  demonstrated  by  longer  exposures.  Like- 
wise argyrol  and  silvol  are  seen  to  be  almost  equal  in  gonococcidal  power,  the 
slight  advantage  being  in  favor  of  silvol,  since  it  kills  at  ^^  per  cent  both  on 
instantaneous  exposure  and  five  minutes'  exposure ;  while  arg}'rol  does  not  com- 
pletely sterilize  instantaneously  in  ^A  per  cent  concentration,  but  does  so  in  five 
minutes.  From  a  careful  analysis  of  this  table  then,  it  is  seen  that  protargol 
and  nargol,  equal  in  gonococcidal  activity,  are  about  twice  as  active  as  argyrol 
and  silvol. 


EFFECT  OF  EXPOSURE  TO  LIGHT  AND  AGE  OF  SOLUTION 

The  above  silver  salts  were  prepared  in  2  per  cent  solutions  exposed  at 
room  temperature  to  ordinary  daylight  for  two  months.  The  gonococcidal 
activity  of  these  solutions  was  tested  at  various  intervals  during  the  two  months. 

Table  II  represents  the  action  of  these  various  silver  salts  at  the  end  of 
two  months. 

Table  II 

Showing  the  Action  oe  Old  Silver  Solutions  on  Gonococci 
(Compare  with  Table  I.) 


argyrol 

AT 

5 

10 

30 

1 

SILVOL 

.\T 

5 

10 

30 

1 

ONCE 

MIN. 

MIN. 

MIN. 

HR. 

ONCE 

MIN. 

MIN. 

MIN. 

HR. 

2% 

15 

0 

0 

0 

0 

2% 

20 

0 

0 

0 

0 

1% 

50 

40 

0 

0 

0 

1% 

25 

0 

0 

0 

0 

y2% 

50 

20 

10 

0 

0 

V2% 

25 

20 

0 

0 

0 

Va% 

25 

20 

50 

0 

0 

Va% 

25 

200 

50 

10 

0 

V%% 

200 

25 

20 

10 

10 

%% 

200 

50 

10 

10 

0 

1/16% 

500 

200 

200 

200 

50 

1/16%. 

100 

l(K) 

50 

50 

50 

1/32% 

2(XJ 

500 

200 

500 

25 

1/32% 

KM) 

200 

50 

20 

10 

l/f)4% 

500 

1000 

5(K) 

5(X) 

25 

1/64% 

500 

KM) 

100 

50 

200 

\l\l%% 

1000 

100(J 

1000 

1000 

1000 

1/128% 

500 

500 

5(K) 

500 

500 

[Control 

2000 

2000 

2000 

2000 

1000 

'ROTAR- 

AT 

5 

10 

30 

1 

NARGOL 

AT 

5 

10 

30 

1 

GOL 

ONCE 

MIN. 

MIN. 

M  1  N . 

UK. 

ONCE 

MIN. 

MIN. 

MIN. 

HR. 

2% 

10 

0 

0 

0 

2% 

20 

0 

0 

(■» 

0 

1% 

15 

0 

0 

(I 

1% 

20 

0 

0 

0 

0 

V2% 

40 

(1 

0 

0 

y^ro 

20 

0 

0 

0 

0 

Va% 

50 

10 

0 

0 

yA% 

500 

2(K) 

0 

0 

0 

'/8% 

KKH) 

10(1 

10 

0 

y»% 

2(KM) 

1(H) 

0 

0 

(I 

1/16% 

KKKI 

100 

10 

0 

1/16%. 

10(K) 

1.50 

100 

(I 

0 

1/32% 

10(K) 

2(M) 

100 

10 

1/329;' 

1000 

500 

2(tO 

KM) 

0 

1/64% 

2000 

1000 

5(K) 

100 

10 

1/64% 

2000 

2()(M) 

25 

1(K) 

0 

/128% 

2000 

2000 

2000 

2()(M) 

1(K)0 

1/128%> 

2000 

2(M)0 

2(X)0 

2(X)0 

ICOO 
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From  a  comparison  of  Tables  I  and  II  it  is  seen  that  there  is  a  definite 
weakening  of  all  the  silver  solutions  tested.  This  is  especially  marked  in  the 
case  of  argA'rol  since  its  efftciency  in  a  five-minute  exposure  has  decreased  75 
per  cent,  while  silvol,  protargol,  and  nargol  under  the  same  conditions  have 
each  lost  one-half  of  their  efifectiveness.  The  loss  of  strength  begins  as  earl\' 
as  the  third  day  after  the  solution  is  made,  and  from  interval  experiments 
similar  to  that  represented  in  Table  II  it  is  found  that  this  decrease  in  gonococ- 
cidal  activity  is  almost  directly  proportional  to  the  age  of  the  solution.  From 
clinical  experience  it  is  well  recognized  that  old  solutions  are  more  irritating 
to  an  inflamed  mucosa  than  freshly  prepared  ones.  Hence  the  practice  of  hav- 
ing stock  solutions  of  silver  salts  is  disadvantageous  from  more  than  one  stand- 
point. Also  the  amounts  prescribed  for  home  use  by  the  patient  should  not 
exceed  a  quantity  enough  for  a  few  days  use ;  or  better  still  where  possible,  the 
solution  might  be  prepared  daily. 

EFFECT  OF  HEAT 

Warm  solutions  applied  to  an  inflamed  mucous  membrane  are  soothing  and 
they  also  increase  the  already  present  hyperemia.  These  facts  together  with 
the  fact  that  gonococci  are  heat  sensitive,  make  the  use  of  warm  silver  solu- 
tions a  logical  one.  This  is  in  accord  with  clinical  results.  The  following 
experiments  were  made  to  determine  what  eft'ect,  if  any,  heat  would  have  on 
the  bactericidal  power  of  the  four  silver  solutions.  One  per  cent  solutions 
were  made  of  nargol,  protargol,  argyrol,  and  silvol  and  at  once  exposed  to  a 
temperature  of  120°  F.  After  cooling,  the  dilutions  were  made  in  the  usual; 
way  and  their  action  on  gonococci  determined  as  seen  in  Table  III. 

Table  III 
Effect  of  Silver  Solutions  (After  Heating  to  120^  F.)  on  Gonococci  in  Vitro 


ARGYROL 

AT 

5 

10 

30 

SILVOL 

.\T 

5 

10 

30 

ONCE 

MIN. 

MIN. 

MIN. 

ONCE 

MIN. 

MIN. 

MI.V. 

2% 

0 

0 

0 

0 

2% 

0 

0 

0 

1) 

1% 

2 

0 

0 

0 

1% 

10 

0 

0 

(1 

/2% 

25 

0 

0 

0 

/2% 

10 

0 

0 

|i 

V4% 

25 

10 

0 

0 

^% 

50 

25 

0 

(1 

ys% 

40 

25 

2 

0 

H% 

100 

5 

0 

(1 

1/16% 

50 

500 

25 

0 

1/16% 

100 

100 

25 

l(i 

1/32% 

500 

300 

2000 

500 

l/3Z% 

25 

2000 

2000 

OCi 

1/64% 

2000 

5000 

200 

2000 

1/64% 

1000 

2000 

2000 

30(1 

1/128% 

3000 

5000 

5000 

5000 

1/128% 

2000 

2000 

2000 

20()<i 

PROT.^RGOL 

AT 

5 

10 

30 

NARGOL 

AT 

5 

10 

30 

ONCE 

MIN. 

MIN. 

MIN. 

ONCE 

MIN. 

:min. 

MIN 

2% 

0 

0 

0 

0 

2% 

0 

0 

0 

(: 

1% 

0 

0 

0 

0 

1% 

0 

0 

0 

( 

/2% 

1000 

0 

0 

0 

/2% 

1000 

0 

0 

( 

^% 

500 

500 

0 

0 

'4% 

200 

0 

0 

( 

^% 

2000 

100 

p 

0 

Vs% 

200 

100 

0 

1 

1/16% 

300 

50 

25 

4 

1/16%  . 

1000 

50 

25 

1/32% 

2000 

1000 

10 

25 

1/32% 

0  ? 

0  ? 

25 

K 

1/64% 

2000 

2000 

2000 

25 

l/647o 

1000 

500 

500 

1/128% 

2000 

2000 

2000 

1000 

1/128% 

1000 

2000 

1000 

2or( 
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A  comparison  of  Tables  I  and  III  reveals  certain  apparent  facts.  Heat 
tends  to  reduce  the  gonococcidal  strength  of  all  of  the  silver  solutions  tested. 
This  reduction  is  demonstrated,  however,  only  in  the  first  column  where  the 
exposure  was  for  an  instant.  For  argyrol,  silvol,  and  nargol  there  is  no  per- 
ceptable  decrease  in  the  activity  in  all  other  interval  exposures,  while  protargol 
shows  a  distinct  reduction  in  killing  power  for  e\'ery  time  interval  used  in  the 
experiment.  Howe\er,  the  gonococcidal  power  of  heat,  the  increased  hyperemia 
produced  by,  as  well  as  the  increased  penetrating  power  of,  hot  solutions  more 
than  compensate  for  the  slight  decrease  in  germicidal  strength.  Nevertheless 
repeated  heating  of  the  same  solution  would  undoubtedly  render  it  worthless  as 
a  gonococcide ;  hence  it  would  be  well  not  to  keep  these  solutions  once  they  have 
been  heated.     Especially  is  this  true  of  protargol. 

CHEMICAL-FASTNESS    OF    GONOCOCCI 

Gonococcal  infection  is  encountered  which  does  not  respond  to  repeated 
j  application  of  the  same  silver  solution  or  any  single  germicide  used  locally  for 
that  purpose,  while  immediate  response  may  be  observed  if  the  germicide  is 
changed  to  another  member  of  the  same  group  or  one  from  a  different  group. 
This  occurrence  would  lead  one  to  suspect  that  the  gonococci  in  the  deeper 
tissues  have  acquired  a  resistance  for  the  first  medicament,  by  dint  of  repeated 
application  to  these  gonococci  in  the  same  or  increasing  concentration,  but  not 
of  sufficient  concentration  to  kill,  this  acquired  tolerance  being  applicable  only 
to  the  particular  medicament  used  and  not  to  other  members  of  the  same  group, 
or  different  groups.  Seinsi  and  Noguchi*  have  found  that  the  tolerance  of  the 
Treponema  pallida  can  be  raised  to  salvarsan  to  five  and  one-half  times  their 
original  tolerance  by  growing  these  organisms  in  gradual!}-  increasing  strengths 
of  arsenic  preparations.  In  a  similar  manner  they  found  their  tolerance  for 
mercury  was  raised  thirty-five  to  seventy  times.  Danyz,t  working  with  anthrax 
bacilli  and  arsenic  preparations  likewise  found  an  acquired  tolerance  for  these 
organisms  against  such  preparations.  In  similar  ex])eriments  gonococci  were 
grown  in  hydrocele-broth  tubes  to  which  had  been  added  various  ])ercentages 
of  silver  solutions  used  in  the  above  experiments.  These  organisms  were  left 
in  contact  with  the  siKer  solution  media  from  oO  minutes  to  one  hour,  and 
then  plated  on  blood-agar  tubes.  The  growth  from  llu-  blood-agar  lube,  which 
corresponded  to  the  highest  silver  solution  was  used  in  a  similar  experiment. 
By  thus  transferring  gonococci  from  a  siKer  solution  media  to  a  similar 
media  of  greater  siKer  concentration,  organisms  were  grown  which  had  a 
marked  increased  resistance  for  this  particular  siher  solution.  This  siKer  tol- 
erance is  gradually  acquired.  In  the  experinienls  here  ri'ported  the  adaptation 
ook  i)lace  in  the  course  of  two  weeks  and  usuall\  from  ti\c  to  si.x  successive 
ransfers  to  jiroducc  tlie  results  shown   in  Tablrs   l\     aud   V. 


'The  Drug  Fastness  of  Sl)iroclii'tcs  to  Arsenic,  Mir'iiri;il  ainl  lodiilc  I'nnipnunils  in  Xitro,  lour. 
vxper.   Med.,   1917,  xxv.  349. 

tlmmunisation  lie  la  I'.actcridie  cliarht-nncusc  contri-  1,'Ailion  du  Scrum  i]u  K.it,  .Ann.  dc  I'lii-il. 
lasteur,   1900,   xiv,  641. 
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Table  IV 

Represen'Ts  the  Action  of  Argyrol,  Silvol  and  Nargol  on  Strains  of  Gonococci 
Immunized  Against  These  Silver  Solutions 


argyrol    at 
once 

5 
min. 

30 

MIN. 

silvol 

AT 
ONCE 

5 

MIN. 

30 

MIN. 

1 
hr. 

NARGOL 

AT 
ONCE 

5 

MIN. 

30 

MIN. 

1/W7c      4000 
1/5%      2C00 
1/2%      2000 

2000 

2000 

500 

1000 
0 
0 

1/20% 
1/10% 

l/27r 

200 

100 
100 

200 

25 

200 

10 

20 
10 

0 
0 
0 

1/207^ 

1/10% 

1/5% 

3000 

3000 

50 

1000 

2000 

20 

1000 

2000 

400 

1  -    ■  Table  V 

"Represents  the  Action  of  Nargol  and  Protargol  Against  a  Nargol-Tolerant  Gonococcus 


NARGOL 

AT 
ONCE 

5 

MIN. 

30 

MIN. 

PROTARGOL 

AT 
ONCE 

5 

MIN. 

30 

MIN. 

1/20% 
1/10% 

1/5% 

'3000 

3000 

50 

1000 

2000 

20 

ICOO 

2C00 

400 

1/207^ 

1/10% 

l/57r 

1000 

50 

0 

100 
10 
0 

10 
0 
0 

The  increased  resistance  accjuired  by  the  gonococci  is  not  great  in  any  in- 
stance ;  but  no  doubt  this  resistance  could  be   further  increased  by  continuing  [ 
the  experiments.     However,  Table  IV  compared  with  Table  I   gives   sufficient 
evidence  that  such  an  adaptation  does  take  place  since  the  silver  solutions  are  onl\ 
one-half  as  efifective  against  the  treated  as  against  the  untreated  stain. 

The  possibility  of  a  general  tolerance  to  all  silver  solutions  must  be  con- 
sidered once  an  organism  gains  resistance  to  any  one  silver  solution.  In  order 
to  investigate  this  aspect  of  the  question  a  nargol-tolerant  organism  ( 10  per. 
cent  in  30  minutes  exposure)  was  tested  against  various  concentrations  of' 
nargol  and  protargol  as  represented  in  Table  V. 

While  this  particular  culture  of  gonococci  exhibits  a  considerable  resist 
ance  against  the  action  of  nargol ;  there  is  no  such  resistance  produced  against, 
the  action  of  protargol  which  acts  on  this  strain  of  gonococci  as  it  does  onj 
an  ordinary  strain.  Similar  experiments  for  organisms  treated  with  other 
silvers  have  been  made  and  tested  as  in  Table  V,  against  the  same  and  dif- 
ferent silver  solutions,  with  no  variance  from  the  general  conclusions  that  ma\ 
be  drawn  from  this  table. 

SUMMARY 

From  repeated  experiments  in  vitro,  it  is  found  that  protargol  and  nargn 
are  practically  equal  in  effectiveness  as  gonococcidal  agents,  while  arg^Tol  aiii 
silvol  are  likewise  of  almost  the  same  strength.  The  first  two  being  about  twt 
times  as  strong  as  the  last  two  salts. 

A  considerable  deterioration  takes  place  in  each  of  these  silver  solution 
after  exposure  to  light  and  age.  This  is  especially  marked  with  argyrol  whici 
loses  75  per  cent  of  its  gonococcidal  strength  with  such  an  exposure  for  tW' 
months ;  while  nargol,  protargol,  and  silvol  loses  50  per  cent  of  strength  undo 
similar   conditions. 

Heating  the  solutions  of  the  above-mentioned  silver  salts  reduces  thei 
action  as  chemical  gonococcides,  which  reduction  is  most  marked  in  protargo 
the   therpeutic   usefulness   of   physical   heat   in   gonococcus   infection,   howeve 
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jrobablv  more  than  recompenses  the  sHght  gonoc  j:cidal  reduction  of  the  solutions. 
Continuous  or  intermittent  exposure  of  a  culture  of  gonococci  to  grad- 
lallv  increasing  concentration  of  any  single  silver  solution  in  vitro  produces 
,erv  apparent  increased  tolerance  in  the  organisms  for  the  specific  silver  solu- 
ion  used.  This  increased  tolerance  is  not  general  for  all  protein  silver  solu- 
:ions ;  as  any  other  member  of  this  silver  group  will  act  against  this  drug-fast 
organism  as  against  any  untreated  organism.  These  experimental  facts  are  of 
:onsiderable  clinical  value  since  it  is  at  once  apparent  that  old  silver  solutions 
>hould  not  be  used,  also  that  heating  to  120°  F.  does  not  reduce  the  chemical 
effectiveness  of  these  solutions,  however  a  silver  solution  once  heated  could 
lot  be  repeatedly  heated  without  reducing  its  therapeutic  worth.  Gonococcal 
nfection  which  is  very  resistant  to  one  particular  gonococcide,  may  be  so, 
lue  to  an  increasing  tolerance  of  the  infecting  gonococci  for  the  particular 
!;onococcide  used.  The  proper  clinical  result  may  be  obtained  by  changing 
he  gonococcide  to  one  of  the  same  group  or  different  group. 


THE  DEMAND  FOR  AND  TRAINING  OF  LABORATORY 
TECHNICIANS* 


By  John  A.  Kolmer,  M.D.,  Philadelphia,  Pa. 


T'OR  many  years  persons  who  were  not  graduates  in  medicine,  and  especially 
young  women,  have  been  trained  in  certain  laboratory  work  as  in  histo- 
igical  methods,  particularly  in  laboratories  connected  with  medical  schools  and 
rge  hospitals  and  for  various  other  kinds  of  work  in  municipal  and  commer- 
al  laboratories.  As  a  general  rule  the  young  men  and  women  who  have  chosen 
lis  occupation  have  proved  quite  successful  and  particularly  the  latter,  although 
)portunities  have  been  quite  limited  and  remuneration  comparatively  low. 

The  demand  for  properly  trained  laboratory  aids  or  technicians  has  been 

eadily  increasing  in  the  last  few  years  due,  not  only  to  the  organization  of  more 

unicipal  laboratories,  but  more  particularly  to  the  establishment  of  laboratories 

hospitals  and  other  institutions  for  the  care  of  the  sick  and  injured  and  of 

ivate  laboratories  for  individual  ])h}sicians  and  surgeons.     In  PennsyKania  the 

mand  has  been  particularly  heavy  because  about  two  years  ago  the  legislature 

acted  a  law  recjuiring  all  hos])itals  and  institutions,  particularly  those  receiving 

ite  aid,  to  install  and  c(|uip  an  a(le(|uate  laborator\'  and  to  employ  a  laboratory 

chnician  on  a  full-time  basis.     .\n  insi)ection  of  all  the  institutions  of  the  state 

the  Board  of  Medical  Licensure,  under  the  presidency  of  Dr.  J.  ]\L  Baldy,  has 

own  that  the  hospitals  located  in  the  cities,  towns  and  rural  districts,  with  the 

caption  of  relatively  few  of  the  larger  institutions  located  in  the  principal  cities, 

're  without  adequate  laboratory  facilities  for  the  study  and  diagnosis  of  per- 

5ns  seeking  advice  and  treatment,  or   for  an  adeipiati'  laboratory  service  and 


•From   the    Dciiarlnu-nt   of    PatholoRy    iiiul    I'.acteriology    in   the    I'liil.nh  I|iliia    I'niycliiiii-. 
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training  for  their  internes.  All  institutions  caring-  tor  the  sick  and  injured,  and 
particularly  those  offering  interneships,  were  classified  and  required  by  the 
Board  to  install  a  laboratory  adequately  equipped  and  conducted  by  a  pathologist! 
and  technician ;  furthermore,  the  staffs  of  the  respective  institutions  were  urged 
and  requested  to  avail  themselves  of  these  laboratory  facilities. 

The  law  of  Pennsylvania  requires  that  the  recently  graduated  physician  seek- 
ing a  license  to  practice  medicine  and  surgery  must  have  graduated  from  an 
acceptable  school  and  have  served  at  least  one  year's  interneship  in  a  hospital 
and  that  this  interneship  must  have  been  spent  in  a  hospital  acceptable  to  the 
Board ;  one  of  the  requirements  exacted  by  the  Board  is  that  the  hospital  have 
a  properly  conducted  laboratory  offering  a  satisfactorv  laboratory  service  tq 
the  interne.  Hospitals  failing  to  install  and  conduct  a  laboratory  meeting  thq 
requirements  of  the  Board  of  Medical  Licensure  are  refused  recognition  anq 
their  internes  are  regarded  as  ineligible  for  examination  for  a  license  to  practice 
medicine  and  surgery. 

This  law  of  Pennsylvania,  which  marks  an  epoch  in  medical  education 
naturally  worked  a  hardship  on  many  hospitals  and  particularly  the  smalle 
and  poorer  institutions,  but  an  analysis  of  the  situation  shows  verv  clearlv  tl 
wisdom  in  demanding  a  higher  standard  of  education  and  experience  on  tl 
part  of  the  physician  seeking  to  practice  medicine  and  surgery  among  its  citizen 
in  the  present  day  of  refined  and  practical  laboratory  methods  for  the  diagnosi 
of  disease  not  a  small  part  of  the  education  of  the  medical  man  is  embraced  i 
a  w^orking  knowledge  of  laboratory  methods  in  the  diagnosis  and  treatment  o 
disease.  In  our  opinion  great  credit  is  due  Dr.  J.  ]\I.  Baldy,  and  other  member 
of  the  Board  of  Medical  Licensure,  for  the  very  important  work  they  hav 
done  in  raising  the  standards  of  hospitals  and  requirements  for  license  in  th 
State  of  Pennsylvania,  the  influence  of  which  will  be  exerted  throughout  th 
United  States. 

Furthermore,  since  the  entry  of  the  United  States  into  the  Great  Jl'a 
calling  many  of  our  pathologists  and  bacteriologists  into  the  medical  dcpar 
ment  of  tJic  Army  and  Navy,  the  demand  for  laboratory  techniciojis  has  sti 
further  increased ;  if  the  war  continues  this  demand  for  technicians  zvill  continv 
to  increase  not  only  for  the  laboratories  of  i)istitutio)is,  municipalities  and  prira\ 
pjixsicians,  but  probably  also  for  the  laboratories  of  the  I'arious  hospitals  in  ti 
Arm\  and  Navy  and  possibly  ez'oi  for  the  cantonments  in  this  country  ai 
the  hospitals  abroad. 

As  a  general  rule  technicians  who  have  been  trained  in  but  one  phase  ' 
laboratory  work  as  in  histologic  methods,  are  required  only  in  the  larger  in^ 
tutions  handling  sufficient  of  this  work  to  occupy  the  technician's  full  time; 
smaller  institutions  and  for  private  laboratories  a  broader  training  and  expe 
ence  is  demanded. 

The  object  of  this  communication  is  to  emphasize  the  importance  of  lar 
laboratories,  and  particularly  those  connected  with  teaching  hospitals,  to  und* 
take  the  systematic  training  of  properly  prepared  young  men  and  women  a 
particularly  the  latter,  in  laboratory  methods  in  order  to  meet  this  increasi 
demand  for  laboratory  technicians.     During  the  past  two  years  the  Polyclii 
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has  ofifered  courses  of  instruction  which  have  proved  highly  successful ;  more 
than  seventy-five  young  women  have  been  prepared  and  are  giving  et^cient  and 
satisfactory  services  in  the  laboratories  of  hospitals  and  other  institutions  through- 
out the  United  States. 

These  courses  of  instruction  are  intensive  and  eminently  practical  with 
most  attention  devoted  to  technic  and  practical  instruction  ;  lectures  are  reduced 
to  a  minimum  in  order  to  devote  most  of  the  time  to  practical  Avork.  Instruc- 
tion is  given  on  five  or  six  days  in  the  week  and  for  four  to  six  hours  per  day. 
The  classes  are  limited  to  a  few  students  in  order  to  permit  individual  instruc- 
tion and  supervision  and  criticism  of  practical  work;  it  has  not  been  found  prac- 
tical or  advisable  to  attempt  the  teaching  of  large  classes.  Each  course  of  instruc- 
tion is  designed  to  give  a  broad  training  in  order  to  enable  the  technician  to 
handle  a  varied  amount  of  work  as  is  usually  encountered  in  a  well  conducted 
and  busy  laboratory. 

Candidates   for  instruction  must  be  high   school   graduates   or  possess   the 
equivalent  in  preliminary  education ;  a  knowledge  of  chemistrv  and  biologv  has 
been  found  helpful  but  not  essential.     Our  most  successful  students  have  been 
ithose  who  have  entered  into  this  work  whole-heartedly  and  with  the  purpose  of 
jmaking  it  their  profession  ;  a  few  have  subsecjuently  studied  medicine.    By  reason 
(of  their  patience,  attention  to  details,  cleanly  habits  and  the  ability  to  concen- 
trate most  }oung  \\omen  in   our  experience  have  proved  apt   pupils   and  well 
fitted  for  work  as  laboratory  technicians.     These  qualities  are  frequently  lacking 
in  men,  whereas  they  can  be  developed  to  a  high  degree  in  our  students  and 
ensure  the  conduct  of  laborator}'  tests  and  methods  in  an  orderly,  painstaking, 
accurate  and  thorough  manner.     It  is  the  common  experience  of  most  patholo- 
gists that  a  well-trained  woman  technician  is  capable  of  doing  high-grade  work 
equal  to  and  sometimes  superior  to  that  of  the  physicians  themselves  and  par- 
ticularly of  the  interne  of  average  ability  and  training. 

in  the  Polyclinic  laboratories  the  first  course  of  instruction  is  in  laboratory 

technic   which   includes   systematic   training  in   the   preparation  of   the   ditterent 

<inds  of  culture  media;  the  different  methods  of  fixing,  hardening,  embedding, 

rutting  and   staining  tissues;   the  preparation   of   stains;    sterilization   of   glass- 

.vare  and  similar  work  of  a  fundamental  nature.    At  the  completion  of  the  course 

he  student  is  gi\en  a  thorough  practical  and  written  examination  and,  if  these 

ire  passed  successfulh-,  the  student  is  eligible  for  the  course  in  d'.nical  l^atholoqy 

.vhich   includes    instruction    in    the    chemical    and    microscopical    I'xaminalion    of 

irine,  blood,  gastric  contents,  feces  and  clinical  bacleriology.  llie  latter  including 

lie   W'idal    reaction,    examination    of    cerebrosi)inal    lluid,    sputum,    cultures    and 

fmears.     At  the  completion  of  this  course  a  thorough  examination  is  given  and 

'   IS  my  custom   to  ad\ise   student^   to   accept    positions   m   order   to   gain    wider 

xperience  in  the  methods  and  tests  which  the}'  ha\e  been  taught,  and   then   to 

eturn   to   the   laboratories    for   instruction    in    complement-li.xation    technic    with 

•articular    reference    to    the    W'asscriiiaiui    and    ijoiiococcus    com j^lcincnt-fixat'u)ii 

csts.     Xot  infreciuentK'  the  students  elect   to  continue  tluir  instruiMion  until   the 

ourse  in  the  Wassennann  reaction  has  bi'cn  co\erc-(l.      I    lulK    leali/r  tin-  great 

mportance  of  thorough   instruction  and   particularly   practical   expi'rience  of  the 

echnician  in  the  con<luct   of  the  W  assermann   reaction   and   ni\    exoerit'iice  dur- 
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ing  the  past  three  years,  covering  the  training  of  sixty-five  persons,  has  shown 
me  that  properly  quaHfied  young  women  are  readily  trained  in  the  preparation 
and  standardization  of  the  various  biologic  reagents  employed  in  this  important) 
and  intricate  reaction  and  to  conduct  the  test  in  a  thoroughly  reliable  manner.) 
Courses  of  instruction  are  also  offered  to  persons  having  laboratory  experience, 
in  bacteriology  and  the  preparation  of  bacterial  vaccines  and  in  advanced  clinical] 
pathology,  the  latter  course  embracing  instruction  in  such  subjects  as  the  serologic 
differentiation  of  pneumococci ;  the  determination  of  blood  sugar,  blood  tu^ea  and 
similar  chemical  methods;  the  preliminary  tests  for  blood  transfusion;  the  bac- 
teriologic  and  microscopic  examination  of  milk  and  water  and  w^ork  of  a  similar 
nature.     As  stated  above  most  attention  is  devoted  to  a  training  in  methods  and 
technic,  although  the  students  also  acquire  a  fairly  good  knowledge  of  the  clin- 
ical applications  and  importance  of  the  work  in  which  they  are  being  instructed- 
When  their  instruction  is  finally  completed  I   feel  confident  of  their  abilit}-  b 
render  valuable  and  ef^cient  service  as  technicians,  although  I  constantly  ad\'i>i 
that  it  is  necessary  for  them  to  work  under  supervision  until  the}^  have  acquirer 
further  experience  and  greater  confidence  in  their  w-ork  and  abilities. 

A  properly  trained  and  experienced  technician  is  capable  of  handling 
large  amount  of  work  of  a  more  or  less  mechanical  nature  and  thereby  conseiM 
the  time  and  attention  of  the  pathologist  and  physician ;  up  to  the  present  time  m 
attempt  has  been  made  to  train  technicians  in  pathologic  histology  because  thi 
work  demands  thorough  preliminary  instruction  in  normal  histology  which  i 
offered  only  in  undergraduate  medical  schools.  Therefore,  while  technician 
are  being  trained  to  prepare  tissues  for  microscopical  examination  and  to  pa- 
upon  the  quality  of  their  work  by  microscopic  inspection,  they  are  not  bein 
trained  to  diagnose  the  tissue  changes. 

The  majority  of  our  technicians  have  been  offered  salaries  averaging  $900.0 
a  year  with  maintenance  provided  in  the  hospitals  in  which  they  are  employed 
it  would  appear  that  this  is  a  fair  wage  for  at  least  the  first  year's  work.  Afte 
this  time  the  technician  who  proves  herself  worthy,  by  reason  of  extended  exper 
ence  and  good  work,  should  expect  increased  remuneration. 

It  is  to  be  hoped  that  other  states  will  follow  the  example  of  Pennsylvan 
in  requiring  her  institutions  for  the  care  of  the  sick  and  injured  to  offer  adequa 
laboratory  facilities  for  the  modern  diagnosis  and  treatment  of  disease  and  f' 
the  instruction  and  experience  of  internes.     If  each  hospital  or  institution  w 
offer  and  give  the  persons  seeking  their  aid,  the  benefits  of  laboratory  examin 
tions  and  demand  that  the  physicians  and  surgeons  on  the  staff  shall  be  a 
quainted  with  the  possibilities  of  a  good  laboratory  service  in  aiding  the  diagno 
and  treatment  of  disease,  the  majority  of  institutions  will  need  a  technician; 
my  opinion  it  is  entirely  right  and  proper  to  charge  persons  financially  able 
afford  a  private  physician,   room,   and  nurse,   for  the  laboratory   examinatin 
made  in  order  to  meet  the  expense  of  maintaining  a  laboratory  and  the  salari 
of  pathologist  and  technician.     In  order  to  meet  the   increasing  demands   f 
laboratory  technicians   it  is  hoped  that   laboratories   with   ample    facilities  a 
material,  will  offer  adequate  and  comprehensive  courses  of  instruction  and 
abundance  of  practical  work  to  small  classes  of  properly  qualified  persons, 
order  to  supply  the  demand  for  broadly  trained  and  experienced  technicians. 


LABORATORY  METHODS 


HOOVER'S  DIAGNOSTIC  SIGNS  ELICITED  FROM  THE   MOVEMENTS 

OF  THE  RIBS* 


By  R.  G.  Pearce,  B.A.,  M.D.,  CleveIvANd,  Ohio 


PAIyPATlON  and  inspection  have  not  played  as  important  a  role  in  the 
diagnosis  of  thoracic  disease  as  the  methods  merit.  It  is  true  that  most 
linicians  observe  the  character  of  the  respiratory  movements,  any  asymmetry 
if  the  thorax,  the  presence  or  the  absence  of  Litten's  sign,  or  any  abnormality 
f  the  cardiac  impulse.  The  observations  are  quickly  made,  and  auscultation 
nd  percussion  are  employed  to  elicit  further  pathologic  signs.  It  may  be  that 
he  invention  of  methods  of  percussion  and  the  introduction  of  the  stethoscope 
ia\  e  discouraged  the  use  of  the  eyes  and  the  fingers  as  instruments  of  precision. 
'e  this  as  it  may,  it  is  nevertheless  true  that  the  older  physiologists  and  physi- 
ians  are  responsible  for  most  of  the  current  teachings  of  the  respiratory  move- 
pents.  We  are  accordingly  ready  to  welcome  any  contribution  in  this  field.  Re- 
ently  Dr.  C.  F.  Hoover^  has  reported  some  very  interesting  and  important 
hysiologic  and  diagnostic  observations  on  the  movements  of  the  upper  and 
)wer  ribs  and  the  diaphragm  in  health  and  in  disease. 

He  calls  attention  to  the  fact  that  the  density  of  the  lungs  has  occupied  the 
ttention  of  the  clinician  to  the  exclusion  of  the  no  less  important  attributes  of 
Mume  and  extensibility,  and  that  a  definite  idea  of  these  latter  characteristics 
fiFords  valuable  aid  in  the  diagnosis  of  pulmonary  and  thoracic  disease,  right 
pd  left  cardiac  enlargement,  subphrenic  and  hepatic  changes,  and  paralysis  of 
le  intercostal  or  diaphragmatic  muscles. 

In  the  infraclavicular  region  the  ascent  of  the  ribs  during  inspiration  ex- 
bits  an  undulatory  movement  which  Hoover  asserts  is  the  resultant  of  two 
otions :  the  first  brought  about  by  the  fact  that  the  ribs  increase  in  length  from 
e  first  to  the  fifth,  so  that  in  their  ascent  a  lower  rib  has  a  tendency  to  over- 
de  an  upper  one;  and  the  second  produced  by  a  rotation  of  the  ribs  in  a  sterno- 
Ttebral  axis,  which  gives  rise  to  the  so-called  bucket-handle  movement.  In 
is  case  the  maximum  movement  of  the  rib  is  in  that  portion  farthest  from 
■'  axis  of  rotation.  On  this  latter  point  he  apparently  dift'ers  with  Keith,-  wlio 
1  ints  out  that  with  the  upper  ribs  there  can  be  no  rotation  on  the  sternovertebral 
J  is  on  account  of  the  manner  of  articulation  with  the  vertebrcC.  If  we  accept 
-ith's  view,  the  second  movement  may  be  due  to  the  fact  that  the  transverse 
locess  on  the  vertebrae  in  which  the  convex  ovoid  process  on  the  tubercle  of 
'2  rib  articulates,  is  tilted  progressively  backward  as  we  descend  the  series,  so 
'it  the  angle  at  which  the  ribs  are  set  in  the  spine  progressively   increa.ses, 

•From  the  Cardioresi>iratf)ry   Laliniatory,   Medical    Service,   Tlic   Lakeside   Hospital,  Cleveland,   Ohio. 
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making  the  axis  on  which  the  upper  ribs  rotate  correspond  to  their  necks.  In 
either  case  the  ascent  of  a  lower  rib  differs  from  that  of  an  upper  one  on  ac- 
count of  the  length  of  the  rib  and  its  axis  of  rotation  on  the  vertebrcC. 

Hoover  finds  that  in  disease  of  the  pleura,  occlusion  of  the  bronchus,  in- ; 
flammatory  process  of  the  lung,  or  displacement  of  the  lung  by  an  enlarged  heart 
or  pericardial  sac,  the  extensibility  of  the  lung  is  diminished  before  any  increase 
in  density  is  demonstrable,  and  that  an  impairment  in  the  extensibility  of  the 
lung  modifies  the  normal  undulatory  movement  of  the  upper  five  ribs.  For 
this  reason  a  comparison  of  the  undulatory  movements  in  the  two  sides  affords 
a  very  delicate  method  of  determining  the  relative  ventilation  in  the  upper  lobes. 
Any  disparity  in  the  undvilatory  movement  on  the  two  sides  indicates  diminished 
ventilation  volume.  The  phenomenon  is  best  observed  from  the  right  side  of  the 
patient.  The  examiner  should  use  his  left  hand,  placing  the  tip  of  the  ring 
finger  on  the  second  rib  at  the  midclavicular  line,  the  tip  of  the  third  finger  on 
the  third  rib  midway  between  the  midclavicular  and  the  anterior  axillary  line. 
and  the  tip  of  the  index  finger  on  the  fourth  rib  in  the  anterior  axillary  line 
The  patient  is  then  instructed  to  make  a  moderately  deep  and  rapid  inspiration 
The  movement  of  each  rib  succeeds  and  exceeds  that  in  the  rib  just  above.  A 
moderate  impairment  in  the  ventilation  of  the  upper  lobes  causes  the  three  rili- 
to  move  more  in  unison  and  the  undulatory  movement  is  diminished  or  lost,  al- 
though the  movement  of  the  ribs  may  be  considerable  during  inspiration.  Hoo\ei 
finds  the  test  of  very  great  practical  use  in  the  diagnosis  of  early  pulmonary  tu 
berculosis;  since  in  this  disease  diminished  extensibility  of  the  lung  can  In 
demonstrated  long  before  evidences  of  alteration  in  lung  volume  or  density  car 
be  elicited.  I 

Duchenne  taught  that  the  contraction  of  the  diaphragm  produces  a  separa-: 
tion  of  the  costal  margins,  because  in  its  descent  it  presses  upon  the  abdominal 
viscera  contained  in  its  vault  and   rolls  these   forward,  pushing  out   the  lowe- 
ribs ;  and  this  teaching  is  current  today.     Hoover  shows  by  experimental  anc 
clinical   observations   that  this   is   not  the   most  important   or   even   a  necessar; 
factor  in  the  production  of  the  flaring  of  the  costal  margins  seen  in  normal  in 
spiration.     He  finds  that  the  flaring  of  the  costal  borders  is  very  prominent  i 
paralysis  of  the  diaphragm  or  in  any  condition   in   wliich   the   abdominal  pres- 
sure is  high  and  the  arch  of  the  diaphragm  is  correspondingly  increased.     (' 
the  other  hand,  paralysis  of  the  intercostal  muscles  or  any  condition  which  il' 
presses    the   arch   of    the    diaphragm   will    result    in   the    approximation   of   th, 
costal  borders  to  the  median  line  and  a  decrease  in  the  subcostal  angle.     TlV 
line  of  traction  of  the  diaphragm  is  a  straight  one  joining  the  central  tendn 
with  the  edge  of  the  ribs.     When  the  diaphragm  forms  a  well-defined  arch,  i 
traction  is  exerted  at  a   disadvantage,  and   the  external   intercostals  may  ha\ 
the  mastery  of  the  movements  of  the  costal  borders.     In  paralysis  of  the  intc 
costal  muscles,  however,  the  diaphragm  acts  alone  and  the  costal  borders  ai 
drawn  in.     Likewise,   when  the  arch  of  the   diaphragm   is   depressed,   the  lii 
of   traction   and   the   line  of   the   muscular   fibers   of   the   diaphragm   are  m'» 
closely  approximated.     The  diaphragm  is  then  able  to  use  its  full  force  again 
the  intercostal  muscles,  with  the  result  that  the  costal  border  moves  toward  tli 
median  line.     Depression  of  the  diaphragm   to  such  an  extent  that  it  actual 
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].,  Normal   position   of   ilia|iliraKin.      Costal    iiiarKins   move   out   (luriiiK   iiisi>iratioii. 

■2.   Iligh    position    of    diapliragm.       Normal    outward    iiiovfiiRiit    of    costal    margins    acccntiiatfil. 

3.  I,ow  i)ositioii   of  diaphragm.      Costal   margins   move  in   during  inspiration. 

4.  ^ery   low   position   of   diaphragm.      Costal   inargins   move   out   during  inspiration. 

5.  Actual    line    of    traction    of    diaphragm. 
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arched  downwards  should  resuh  in  a  flaring  of  the  costal  margins  during  in- 
spiration, since  the  pull  of  its  muscular  fibers  would  no  longer  coincide  with 
their  line  of  traction  as  in  the  normal  position.  An  example  of  such  a  condi- 
tion was  found  in  a  patient  with  a  massive  empyema,  in  whom  the  movement 
of  the  costal  margin  was  normal  before  the  removal  of  any  fluid.  Partial  re- 
moval of  the  pus  resulted  in  the  left  costal  margin  being  drawn  towards  the 
median  line,  and  further  removal  brought  about  a  return  of  the  normal  flaring. 
The  experimental  and  clinical  observations  made  by  Hoover  indicate  that  the 
contraction  of  the  diaphragm  approximates  the  costal  margins,  wdiereas  con- 
traction of  the  intercostal  muscles  produces  lateral  movements.  When  both 
act  in  unison,  the  resultant  movement  is  dependent  on  which  force  is  the 
stronger. 

The   movements  of   the  margins   can   be  determined  by   inspection   or   pal 
pated  by  placing  the  thumbs  on  the  costal  borders  and  instructing  the  patient  to 
take  a  somewhat  deepened  inspiration.     Fig.   1  illustrates  the  movement  of  the 
costal   margins   when   the   diaphragm    is   low    or    high    due    to    supra-or    infra- 
phrenic  diseases,  respectively. 

The  movements  of  the  costal  margins  interpreted  in  this  light  at  once  serve 
to  give  much  diagnostic  information.  Hoover  calls  special  attention  to  the  aid 
which  their  movements  give  in  the  diagnosis  of  pleurisy  with  effusion,  empyema] 
and  emphysema.  Whenever  the. lowering  of  the  sheet  of  the  diaphragm  if' 
sufficient  to  give  the  diaphragm  mastery  over  the  intercostal  muscles,  the  sub 
costal  margin  moves  m  rather  than  out  during  inspiration,  and  the  angle  mad^ 
by  them  is  decreased.  Any  disparity  in  the  movements  of  the  costal  margin  oi 
the  two   sides  likewise  gives  diagnostic   data   as  to  unilateral   thoracic   disea^. 

Anything  which  accentuates  the  arch  of  the  diaphragm  will  cause  the  costa 
margins  to  flare  more  than  normally.  This  fact  serves  to  difi:'erentiate  infrai 
and  supraphrcnic  diseases  such  as  hepatic  enlargement,  subphrenic  abscess  am' 
empyema,  pleurisy  with  efi^usion,  or  pericardial  efifusions.  It  likewise  afford 
the  only  infraphrenic   signs  of  diaphragmatic  activation. 

The  curves  of  the  different  fibers  of  the  diaphragm  vary  greatly;  the  arc' 
is  much  less  marked  in  that  portion  of  the  diaphragm  which  is  attached  to  th 
costal  margin  near  the  median  line  than  in  that  which  joins  the  central  tendo 
with  the  costal  border  in  the  axillary  line.  For  this  reason  the  anterior  later; 
part  of  the  diaphragm  requires  less  depression  to  give  this  part  of  the  diaphragi 
a  horizontal  position  than  is  required  to  accomplish  the  same  for  parts  occv 
pying  a  more  lateral  position.  The  heart  overlies  this  part  of  the  diaphragn 
and  most  valuable  and  direct  information  can  be  obtained  concerning  the  si^ 
of  the  pericardial  sac  and  the  various  characteristics  of  the  heart  by  carefi 
study  of  the  symmetry  of  movement  of  the  two  costal  margins  in  their  upp< 
and  median  positions. 

In  any  condition  giving  hypertrophy  of  the  left  ventricle — namely,  chron 
myocarditis,  chronic  valvular  heart  disease,  or  chronic  nephritis — the  costal  ma 
gin  on  the  left  from  the  ensiform  to  the  ninth  rib  is  restricted  in  its  outwai 
movement  during  inspiration.  In  cases  of  acute  dilatation  of  the  right  heai 
auricle,  or  ventricle,  the  right  costal  margin  from  the  ensiform  to  the  nin 
costal  cartilage  is  restricted.     In  late  valvular  disease  in  which  both  sides  a 
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1.  Nornial  position  of  diapliragm.     Costal   margins   move  out  (hiring  inspiration. 

2.  Position  of  diaphragm   in  general   cardiac  enlnrgcinent.      Costal   margin   from   cnsiforiu   to  ninth  rib 
oves  toward  median  line. 

.     3.   Position   of  diaphragm   in   left-sided  cardiac  enlargement.      I.eft  costal   margin   is   fi.xcd  or  moves  in 
irtng  inspiration. 

4.  Position   of   diaphragm    in    right-sided   cardiac"  eidargeinent.      Kit;Iit    cnslal    margin    is    tixed    or   moves 
during  inspiration. 

5.  Costal  margin. 
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involved,  in  general  myocarditis,  and  when  there  is  any  increase  in  the  size  of 
the  pericardial  sac,  there  is  a  symmetrical  restraint  or  even  approximation  of 
the  costal  margins  during  inspiration. 

Restriction  of  the  movements  of  the  costal  margin  on  one  side  must  not 
be  taken  as  absolute  indication  of  cardiac  enlargement,  but  must  always  be  sub- 
jected to  critical  clinical  observation.  This  was  well  illustrated  by  two  cases 
which  have  come  under  my  observation.  Roth  were  normal,  healthy  young! 
men,  and  in  good  physical  training.  In  both,  the  costal  margin  on  the  left  fromi 
the  ensiform  to  the  ninth  was  restricted  in  its  outward  movement.  Percussion 
gave  the  left  border  outside  the  nipple  line  in  the  sixth  interspace.  The  upper 
border  was  found  to  be  under  the  fourth  rib.  Auscultatory  signs  and  bloodi 
pressure  were  normal.  Fluoroscopic  examination  confirmed  the  percussion  find-j 
ings.  The  explanation  of  these  phenomena  lies  in  the  fact  that  the  hearts  were 
occupying  a  lower  and  more  transverse  position  than  normal,  and  thus  depressec 
the  anterior  leaf  of  the  diaphragm.  Fig.  2  shows  position  of  the  central  leaf  oi 
the  diaphragm  in  right  and  left  and  general  cardiac  enlargement. 
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ERRATUM 

In  the  article  "A  Clinical  Method  for  Determining  the  Respiratory  Exi 
change  in  Man,''  by  R.  G.  Pearce,  B.A.,  M.D.,  Cleveland,  Ohio,  in  the  Apri] 
1918,  issue  of  the  Journal,  the  following  table  (Table  V)  was  omitted  n 
page  431. 

T.^BLE   V 

Heat  Value  of  1  Liter  of  Oxygen 
Cals.  for  1  Liter  Oo  for  Respiratory  Quotients  from  .70  to  .97.  ; 


0.70 

0.75 

4.708 

0.80 

4.770 

0.85 

4.831 

0.90 

4.892 

0.95 

4.9; 

0.71 

0.76 

4.720 

0.81 

4.782 

0.86 

4.^3 

0.91 

4.904 

0.96 

4.9( 

0.72 

4.673 

0.77 

4.733 

0.82 

4.794 

087 

4.855 

0.92 

4.917 

0.97 

4.0' 

0.73 

4.683 

0.78 

4.746 

0.83 

4.807 

0.88 

4.868 

0.93 

4.930 

0 

0.74 

4.695 

0.79 

4.758 

0.84 

4.819 

0.89 

4.880 

0.94 
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Investigations  on  Shock  at  the  Front 

IF  intensive  concentration  on  one  problem  is  the  most  certain  way  of  insurinjj;' 
its  solution,  the  pathogenesis  of  shock  should  not  for  much  longer  remain  a 
mystery.  A  great  many  of  the  most  eminent  of  American  and  British  physiolo- 
gists are  at  present  engaged,  some  of  them  with  experimental  shock  as  observed 
in  their  hc^ne  laboratories,  and  others  with  sliock  as  ()l)ser\c(l  ai  the  front.  .Vs 
reports  of  their  findings  and  c'X])cricnces  come  to  hand,  it  is  impurtanl  thai 
they  should  be  carefulK-  studied  1)\-  those  of  us  who  for  one  reason  or  anoiher 
are  not  directly  engaged  in  the  actual  obser\  ations.  We  must  ser\  e  as  an  audi- 
ence or  tribunal,  and  thoughtful]}  studx  tin-  evidence  as  it  is  presented,  so  that 
by  friendly  criticism  and  suggestion  we  may  take  a  Muall  though  indirect  share 
in  the  important  work. 

In  a  jirevious  numbiT  of  llii>  b»i  I'iN'Ai,,  we  reviewed  a  recently  publi>lied 
series  of  papers  b\-  \.  Henderson  and  I  laggard  in  which  tin-  claim  is  reasserted 
that  shock  de])end->  upon  a  condition  of  --o  called  acapnia,  and  in  that  review  it 
was  pointed  out  that  the  evidence  i>  in^ufiicient  and  inai)iilicablc  lo  mo-^l  form>  of 
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sliock.  In  the  present  article  we  would  call  attention  to  the  much  weightier  con- 
tributions of  Prof.  \\\  B.  Cannon  and  his  collaborators  working  on  actual  cases 
of  shock  at  the  front,  and  recently  reported  in  the  Journal  of  the  American  Med- 
ical dissociation}'''  The  investigations  referred  to  are  being  conducted  under 
the  guidance  of  a  special  investigating  subcommittee  of  the  Aledical  Research 
Committee  of  Great  Britain,  the  personnel  of  which  includes  such  men  as  Bay- 
liss,  Starling,   Sherrington,  Cannon  and  Dale. 

In  one  of  these  papers'^  Cannon  sums  up  the  evidence  collected  by  himself 
and  collaborators,  and  correlates  it  with  that  of  previous  workers,  and  it  is  to 
this  excellent  essay  that  we  would  particularly  refer  our  readers.  The  first  part 
concerns  itself  with  a  critical  review  of  the  existing  hypotheses  of  shock.  In 
criticising  the  acapnia  theory  Cannon  gives  what  we  believe  to  be  an  incorrect 
interpretation  of  Henderson's'  views ;  to  quote,  "excessive  breathing  may  greatly 
lower  the  CO,  of  the  blood,"  so  that  "a  protective  compensation  acidosis  is  de- 
veloped to  prevent  the  fatal  apnea  that  might  ensue  from  lack  of  stimulating 
H  ions."  The  acidosis  is  assumed  to  exist  because  the  CO,  content  of  the  plasma 
is  reduced  and  since  Cannon,  like  most  others,  has  accepted  Van  Slyke's  incom- 
plete definition  of  acidosis  as  being  a  condition  in  which  total  plasma  carbonates 
are  reduced,  it  appears  that  he  misinterprets  Henderson's  new^  hypothesis.  This 
observer  himself  claims  that  during  the  time  that  the  CO,  is  being  "blown  off" 
there  is  a  relative  excess  of  alkali  in  the  blood  and  that  this  excess  "passes  out 
of  the  blood  into  the  tissues."  However  this  may  be.  Cannon  clearly  shows  the 
acapnia  hypothesis  is  quite  untenable,  and  he  points  out  that  Porter's  advocacy  of 
the  rebreathing  of  expired  air  by  patients  in  shock,  so  that  the  CO,  content  <it 
the  blood  may  be  raised,  produces  no  more  than  temporary  relief  incident  upon 
the  stimulation  of  the  respiratory  and  vasomotor  centers.  We  shall  consider 
Porter's  observations  more  closely  in  a  future  article ;  suffice  it  here  to  state  thai 
Cannon  does  not   support  the  treatment   of   shock   by   rebreathing  expired  air. 

The  possibility  of  svtprarenal  exhaustion  is  briefly  dismissed  as  obviousl} 
tmtenable,  and  some  space  is  then  devoted  to  the  erstwhile  popular  hypothesis  of 
nerve  cell  exhaustion.  Besides  reviewing  the  already  well-known  evidence 
against  this  hypothesis,  some  further  facts  are  cited,  among  them  the  observa- 
tions by  Cowbell,  one  of  Cannon's  collaborators,  indicating  that  the  nervous  sys- 
tem is  functioning  in  normal  fashion,  since  the  intellect  is  clear,  and  the  patient 
may  retain  his  muscular  vigor  to  such  a  degree  that  two  men  are  necessary  t<i 
hold  him  on  the  stretcher,  although  no  pulse  can  be  felt  at  the  wrist.  These  fact- 
indicate  that  there  can  be  no  exhaustion  at  least  of  the  cells  of  the  parts  of  tln- 
nervous  system  that  are  higher  up  than  those  controlling  blood  pressure,  and  ii 
we  take  this  along  with  the  fact,  very  definitely  established  by  Stewart,  Pike  and 
Guthrie  some  years  ago,  that  the  vasomotor  center  is  the  last  to  lose  its  function 
during  acute  cerebral  anemia  and  the  first  to  recover  it  when  blood  returns,  wf 
see  how  untenable  is  the  exhaustion  hypothesis.  \\  hatever  histologic  changes 
may  occur  in  the  nerve  cells  in  shock,  it  is  pointed  out,  they  are  just  as  likely  ti 
be  "the  resultant  of  the  low  blood  pressure  as  its  cause."  Persistent  low  blon 
pressure,  accompanied  by  acidosis,  which  Cannon  has  found  to  exist,  will  ii' 
doubt  ultimately,  like  hemorrhage  itself,  lead  to  secondary  cell  changes. 
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The  possibility  that  the  low  blood  pressure  in  shock  is  due  to  cardiac  failure 
is  readily  dismissed,  and  attention  is  then  directed  to  the  only  factor  which 
remains  to  explain  this  low  blood  pressure ;  namely,  deficiency  in  the  amount 
of  circulating  blood.  There  are  in  general  three  prime  factors  responsible  for 
the  blood  pressure :  peripheral  resistance,  cardiac  action,  and  amount  of  circu- 
lating fluid.  If,  as  is  the  case  in  shock,  the  first  two  of  these  factors  are  prac- 
tically unaffected,  then  we  are  driven  by  exclusion  to  conclude  that  it  must  be  in 
the  third,  the  loss  of  circulating  fluid,  that  the  abnormality  exists.  The  con- 
clusion of  the  earlier  workers  on  the  problem  (Leonard  Hill)  must  be  reverted  to, 
that  in  shock  an  animal  bleeds  into  its  own  blood  vessels,  and  the  question  that 
remains  to  be  investigated  is  the  exact  location  of  the  vessels.  For  obvious 
reasons  we  may  at  once  dismiss  the  arteries  from  consideration.  Concerning 
the  veins,  more  especially  those  of  the  capacious  splanchnic  area,  because  a  con- 
dition of  experimental  shock  accompanied  by  great  engorgement  of  the  abdom- 
inal veins  can  be  induced  in  animals  by  rough  handling  of  the  abdominal  vis- 
cera, it  has  not  uncommonly  been  assumed  that  a  similar  engorgement  must  also 
occur  in  surgical  shock.  Cannon,  quoting  interesting  observations  by  ]\Iann  on 
the  distribution  of  the  blood  after  hemorrhage  in  normal  and  shocked  animals, 
shows  by  computation  that,  if  collection  of  the  blood  in  the  veins  were  really 
its  cause,  there  would  have  to  be  in  every  case  of  shock  a  verv  evident  engorge- 
ment of  the  abdominal  veins,  which  however,  as  experience  at  the  front  testifies, 
is  by  no  means  the  case.  Neither  can  the  extraabdominal  veins  serve  as  the 
trap  for  the  lost  blood,  for,  if  this  were  so,  then  tight  bandaging  of  the  extremi- 
ties and  abdomen  and  placing  the  body  in  a  slanting  head-down  position  should 
relieve  the  condition,  which  however  it  does  not  do,  although  such  treatment 
often  gives  temporary  relief. 

The  conclusion  is  arrived  at  that  the  blood  stagnation  must  occur  at  a  part 
of  the  vascular  system  that  is  beyond  the  sphere  of  vasomotor  control;  that  is, 
in  the  capillary  area.  This  is  confirmatory  of  the  experimental  findings  of  Mann, 
that  the  amount  of  blood  that  stagnates  in  the  tissues  of  a  shocked  animal  may  be 
more  than  50  per  cent  above  that  of  a  normal  animal.  P)y  observations  on  man 
it  is  impossible  to  secure  direct  evidence  of  such  capillary  stagnation  of  blood ; 
we  must  seek  to  prove  it,  therefore,  by  indirect  means.  But  even  this  is  most 
difficult  to  find,  although  the  discovery  made  b\-  Cannon  and  his  coworkers  that 
there  is  a  marked  increase  in  the  concentration  of  tlic  blood  during  its  passage 
through  the  capillaries,  indicates  that  something  abnormal  is  occurring  there. 
Briefly  stated,  it  has  been  found  that,  whereas  in  normal  persons  the  corpuscular 
count,  the  hemoglobin  percentage,  and  the  ]>roi>orlion  of  corpuscles  to  jtlasma 
I  liematrocrite  readings)  are  the  same  in  blo'td  laktn  from  cajiillaries  and  \eins, 
lin  shock  the  values  are  all  greater  in  capillar}-  blood.  This  discrepancy  belween 
jcapillary  and  venous  blood  is  more  marked  in  superficial  (say,  finger,  etc.)  than 
ni  deeper  vascular  areas.  It  indicates  that  the  blood  nuisl  l)ecome  coiuenlraled 
"I  the  capillary  areas. 

These  findings  are  of  an  ojtposile  characler  lo  Uiom-  following  hemorrhage 
alone,  in  which  both  hemoglobin  and  corpuscles  are  reduced.  In  the  cases  of 
hemorrhagic  shock  obserxed   al   ihe    front,   the   reductinn  "\    the>e   values   in   the 
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capillary  blood  was  distinctly  less  than  in  simple  hemorrhage,  being  masked  by 
the  rise  induced  by  the  shock,  although,  as  in  the  cases  of  uncomplicated  shock, 
the  venous  blood  was  much  more  dilute  than  the  capillary.  An  important  point 
in  the  observations  is  that  the  venous  blood  was  found  to  be  of  normal  con- 
centration ;  that  is,  the  blood  going  to  and  coming  from  the  capillary  areas,  is 
of  the  same  measurable  concentration — so  that  it  must  be  while  it  is  passing 
through  the  capillaries  that  the  blood  cells  remain  behind  and  accumulate  so  as 
to  make  the  blood  more  concentrated.  This  does  not  of  course  prove  that  the 
blood  has  drained  into  the  capillaries,  causing  a  loss  of  circulating  fluid  and  a 
holding  back  of  blood  from  normal  currency.  It  indicates  rather  that  the  holding 
back  must  be,  not  in  the  capillaries  themselves,  hut  in  the  tissue  cells  or  spaces. 

These  observations  are  to  be  considered  along  with  recent  work  by  F.  H. 
Scott,''  which  show  that  in  laboratory  animals  there  is  a  direct  proportion  be- 
tween the  arterial  blood  pressure  and  the  hemoglobin  content  of  the  arterial  blood, 
from  which  it  is  concluded  that  the  increased  pressure  forces  fluid  out  of  the 
blood  into  the  tissue  spaces.  Scott  did  not,  however,  compare  the  capillary  and 
venous  bloods  in  these  particular  experiments,  because  he  found  in  other  ob- 
servations, as  yet  unreported  in  detail,  that  the  percentage  of  hemoglobin  is 
practically  always  identical  in  capillary  and  arterial  (carotid  artery)  blood. 

As  an  outcome  of  this  work  the  question  arises  as  to  whether  a  maintained 
high  arterial  pressure  in  an  animal  not  accustomed  to  it  might  cause  such  a 
drainage  of  fluid  into  the  tissues  that  a  concentration  of  corpuscles  in  the 
capillary  blood,  similar  to  that  observed  in  shock,  might  occur,  leading  to  a 
development  of  this  condition  after  removal  of  the  exciting  cause  of  the  high 
blood  pressure.  It  is  significant  in  this  connection  that  many  of  the  conditions 
which  are  followed  by  shock  in  experiments  on  animals  cause  a  preliminary 
rise  in  arterial  pressure  (e.g.,  stimulation  of  aflrerent  nerves.) 

As  to   the    causal   relationship  between   low   blood   pressure   and   capillar}' 
stagnation  of  corpuscles.  Cannon's  articles  are  not  quite  clear.     In  one  place  he- 
states  that  "besides  a  low  blood  pressure     *     *     *     there  are  other  conditions 
that  are  favorable  to   capillary  stagnation   of   the   corpuscles."   and   in   another, 
"that  the  capillary  capacity  is  suflicient  to  contain  the  lost  blood  in  shock,  and 
that  the  chances  of  its  doing  so  are  greater  the  more  concentrated  the  lost  blood, 
becomes."     To  the  present  writer  it  would  appear  that  the   fundamental   caust 
for  both  the  lowered  pressure  and  the  concentration  of  blood  must  be  loss  ofi 
fluid  because  of  its  leakage  through  the  capillary  walls  into  the  tissues.     Thi-'j 
leakage  is  not  great  enough  to  produce  edema  or  to  make  any  measurable  dif-| 
ference  in  the  percentage  of  hemoglobin  or  of  corpuscles   in  the  arterial  an(| 
venous  blood  of  the  part  (which  is  not  to  be  wondered  at  because  of  the  larg( 
volume  of  moving  blood  at  any  given  moment),  but  is  yet  quite   sufficient  t' 
impede  the   free  movement   of   blood   in   the   capillaries   because   of   inci'easini 
viscosity.     Once  such  a  hindering  process  is  set  agoing,  it  will  become  progres> 
ively  more  pronounced,   for  the  increasing  delay  in  movement  will   encourag' 
ever  larger  amounts  of  fluid  to  exude;  a  so-called  vicious   circle  will  beconv 
established. 

That  the  viscosity  of  the  blood  is  greatly  raised  when  the  corpuscles  in 
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crease  in  number  is  a  well-known  fact,  and,  as  Cannon  points  out,  it  is  also 
raised  by  another  of  the  conditions  that  are  known  to  predispose  to  shock ; 
namely,  cooling  of  the  surface  of  the  body.  Thus,  the  viscosity  of  the  blood 
increases  3  per  cent  with  a  fall  in  1"  C.  of  temperature.  vShock,  as  observed  at 
the  front,  is  much  more  liable  to  occur  in  men  who  have  been  exposed  to 
extreme  surface  cooling,  and  the  sweating  and  absence  of  shivering  which  ac- 
companies it  often  lead  to  marked  lowering  of  the  mouth  temperature,  read- 
ings as  low  as  87"  and  88"  F.  having  been  observed  in  shocked  men.  It  has 
moreover  been  observed  by  one  of  Cannon's  collaborators  (Cowell)  that  as  a 
wounded  man  becomes  chilled  his  blood  pressure  falls,  and  as  he  is  warmed  it 
may  rise  again.  The  greater  incidence  of  shock  in  cold,  wet  weather  is  also 
significant. 

But  there  is  yet  another  possible  factor  to  be  considered ;  namely,  the 
acidosis  which  Cannon  has  shown  to  exist  in  shocked  men.  He  found  "in 
general  that  the  lower  the  blood  pressure,  the  lower  the  alkaline  reserve,"  as 
I  measured  by  the  Van  Slyke  method.®  A  similar  reduction  in  alkaline  reserve 
vvas  also  observed  in  cases  of  pure  hemorrhage,  but,  so  far  as  the  results  go, 
I  they  tend  to  show  that  hemorrhage  alone  is  not  attended  by  as  great  a  loss  in 
jthe  alkaline  reserve  as  in  shock  (when  the  blood  pressures  are  equally  re- 
duced. )  The  reduction  in  CO. -combining  power,  except  in  very  severe  cases, 
was  no  greater  than  might  be  observed  in  a  normal  person  after  strenuous 
muscular  exercise,  but,  whereas  in  the  latter  case  the  disturbance  is  tempo- 
rar\^  (oxidation  quickly  removing  the  organic  acids  responsible  for  it,  and  alkali 
reserves  being  called  up  from  the  tissues),  in  shock  it  steadily  goes  from  bad 
to  worse.  Neither  was  it  often  observed  to  be  so  low  as  to  cause  evident  stimu- 
lation of  the  respiratory  center,  although  when  the  COo-combining  power  be- 
came very  low  (less  than  30  per  cent),  the  average  respiratory  rate  was  much 
greater. 

As  to  the  significance  of  the  acidosis,  Cannon,  taking  due  cognizance  of 
the  work  of  L.  J.  Henderson  and  others,  does  not  draw  any  hasty  conclusions. 
He  points  out,  for  one  thing,  that  the  degree  of  lowering  of  the  alkaline  reserve 
oi  the  circulating  blood  is  probably  not  sufficient  to  cause  a  demonstrable 
increase  in  H-ion  concentration  (because  of  the  buffer  action  of  the  blood). 
There  can  be  little  doubt  that  he  is  correct  in  this  inference,  and  that  the  obser- 
ptions  of  Crile  and  others  purporting  to  show  an  increase  in  C.i  are  untenable. 
jUt,  although  the  blood  itself  may  have  no  higher  a  Cn  than  normal,  it  may  be  ([uile 
)therwise  in  the  tissue  iluids,  for  it  is  here  tlial  the  incompletely  oxidized  acids 
'lactic,  etc.)  will  be  i)ro(luce<l.  In  the  stagnant  capillary  blood,  therefore-,  the 
-H  may  be  distinctl\-  raised,  and  as  the  circulation  through  the>e  \e'ssels  be- 
"omes  more  and  mtjre  ini])eded,  so  will  the  acidosis  of  tlu'  stagnant  blood 
ncrease.  This  lf)cal  acidosis  will  be  still  further  encouraged  by  tiic  lowering 
)f  temperature,  for  it  is  kncjwn  that  the  alkalinity  of  the  body  Iluids  decreases 
[s  the  temperature  falls. 

Cannon  sums  U])  the  possible  eft'ccts  whit-Ji  this  |(ic;il  acidosis  may  bring 
'tit.  The  following  are  considered:  (  1 )  A  dilatation  of  tin-  smaller  arterioles 
I   capillaries.     Although  this  local   etiecl  of  acids  on   the   smaller   blood   \es- 
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sels  does  occur,  any  increase  in  Ch  of  the  blood  as  a  whole  would  stimulate 
the  vasoconstrictor  center  and  so  cause  the  richly  innervated  vessels,  the  arte- 
rioles, to  become  constricted,  which  they  actually  are  in  shock.  (2)  It  will 
cause  the  heart  to  relax  more  in  diastole  and  discharge  less  blood  in  systole. 
(3)  It  will  increase  the  viscosity  of  the  blood.  Thus,  in  asphyxia  the  viscosity 
of  the  blood  may  be  double  that  of  normal  richly  oxygenated  blood.  This  fac- 
tor, as  already  explained,  will  operate  to  produce  stagnation  of  corpuscles  in 
the  capillaries.  (4)  It  will  increase  the  size  of  the  corpuscles  (Hamburger), 
and  so  help  to  impede  the  capillary  flow.  Some  evidence  for  this  effect  was 
secured  by  observing  that  "the  capillary  corpuscular  volume  was  greater  com- 
pared with  the  venous  corpuscular  volume  than  it  should  have  been  according 
to  the  rate  of  corpuscular  and  venous   counts." 

To  sum  up  we  may  quote  again:  "It  seems  probable,  therefore,  that  when 
acidosis  is  once  established  it  would  tend  to  continue  the  disturbances  of  the 
circulation  which  have  been  produced  by  other  conditions." 

Attention  is  directed  to  the  importance  of  recognizing  not  only  that  many 
factors  interact  on  one  another  in  shock, — vicious  circles,  they  are  called, — but 
also  that  more  careful  distinction  should  be  made  among  the  several  varieties 
often  loosely  classified  under  this  general  term.  The  term  "exemia"  is  sug- 
gested as  a  suitable  one  to  designate  the  shock  due  to  a  holding  back  of  bloii  1 
from  normal  currency.  It  seems  to  us,  hov.ever,  that,  although  there  are  signsi 
that  the  obscurity  surrounding  this  most  mystifying  of  problems  is  being  grad-; 
uall}"  dispelled  by  such  researches  as  have  been  referred  to  in  this  article,  \\n- 
can  not  as  yet  see  clearly  enough  the  fundamental  cause  for  the  condition  toj 
justify  the  coining  of  a  term  which  after  all  may  refer  to  but  one  of  its  accom- 
panying symptoms. 

The  researches  emphasize  the  importance  of  keeping  a  threatened  patient 
warm  and  taking  means  to  prevent  the  development  of  acidosis.  \\'e  shall 
however,  defer  further  reference  to  therapeutic  measures  to  a   future  article 
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RESEARCHES  IN  RHEUMATISM* 

By  \\'illiam  Lintz,  M.D.,  Brooklyn',  N.  Y. 

AXY  work  which  will  shed  some  light  as  to  the  etiology  of  rhevuiiatism  is  very 
desirable  since  our  knowledge  as  to  the  definite  cause  of  this  widespread 
disease  is  still  in  darkness.  With  this  object  in  view  I  have  investigated  the 
blood  of  a  great  many  cases  of  rheumatism,  particularly  of  the  acute  articular 
type,  but  in  only  four  cases  was  I  successful  in  isolating  microorganisms  in  the 
blood.  \\'hy  the  percentage  of  positi\e  findings  is  so  small  is  as  yet  not  clear  to 
me,  unless  the  bacteria  are  lodged  within  Aschoff's  nodes  as  I  have  descril)ed 
previously.! 

The  object  of  this  work  is 

1.  To  demonstrate  that  in  at  least  a  small  percentage  of  cases  of  acute 
articular  rheumatism  a  definite  microorganism  can  be  isolated   from  the  blood. 

2.  To  describe  in  detail  the  studv  of  the  bacteriology  and  biochemistry  of 
the  bacteria  isolated. 

3.  By  animal  experimentation  to  establish  tlie  pathogenicil}'  of  the  micro- 
organism, and  its  relationshii)  to  rheumatism   isolated. 

IvCt  us  consider  these  in  the  order  mentioned. 

1.  A  brief  summar\-  as  to  the  different  \ie\vs  I'laboraled  to  t'xplain  the  causes 
of  rheumatism  is  but  fair  in  order  to  bring  out  all  tlu'  phases  of  this  important 
question. 

.\.  Rheumatism  was  attributed  ])\  Cullcn  to  be  caused  by  cold  acting  directly 
upon  the  joints  thus  setting  up  a  htcal  inllaiiiination.  which  is  lollowed  by  a 
general  fever.  Exposure  thus  causing  an  irritation  of  the  cutaneous  sensory 
nerve  fibers  would  set  up  a  central  disturbance  in  the  cord  and  medulla  oblougata. 

•I-n.m    Hna^'laiiil    l.alxu-.il.n  v    •>•:    l.nUK    l>laiul    C.llrKi-    Mnspii.-,!.    I;i,„,kl>n.    \.    S. 
^Rliciimatic    Carilitis,   Jour.    .Viii.    .Mc<I.    Assn..    .Marili    J,     \')\2. 
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This  disturbance  was  t'"ansmitted  to  the  nerves  of  the  various  organs  which 
were  involved  by  acute  rheumatism  and  caused  in  turn  the  various  manifesta- 
tions of  the  disease. 

B.  Chemical  theory :  Both  uric  and  lactic  acids  are  supposed  to  be  the 
cavise,  for  they  have  been  demonstrated  in  excess  in  patients  suffering  from 
rheumatism. 

C.  Infectious  theory:     This  is  viewed   from  various  angles. 

(1)  Some  believe  there  is  no  specific  bacteria,  but  that  the  disease  is  a 
form  of  septicemia  caused  by  staphylococcal  or  streptococcal  infection. 

(2)  Some,  that  the  disease  is  due  to  a  specific  bacillus    (Achalme,   1891). 

(3)  Some,  that  the  microorganism  is  a  specific  diplococcus.  (Discovered  by 
Triboulet  in  1897.) 

(4)  That  the  microorganism  has  as  yet  not  been  discovered. 

It  seems  to  me  that  the  first  view  (A)  hardly  needs  to  be  considered,  for  it 
is  entirely  dispelled  by  the  light  shed  by  modern  pathology.  Such  a  pathogenesis 
would  be  indeed  unique.  The  second  view  (B)  hardly  deserves  more  serious 
attention.  For  it  is  one  thing  to  demonstrate  an  excessive  formation  of  such 
substances,  and  another  to  prove  them  the  cause  and  not  the  result  of  the  disease. 
Besides,  what  one  chemical  substance  will  satisfactorily  account  for  all  the 
phenomena  of  rheumatism? 

There  is  no  doubt  that  the  disease  is  caused  by  a  microorganism,  for  the  fol- 
lowing reasons : 

Sometimes  this  disease  occurs  in  epidemics,  as  described  by  Striimpell  in 
Leipzig,  by  Large  in  Copenhagen,  and  several  have  been  observed  in  London. 

The  disease  is  self  limited. 

The  severer  symptoms  and  comi)lications  suggest  those  of  other  infections, 
some  like  pyemia,  gonorrhea,  scarlatina,  typhoid  fever,  and  cerebrospinal  men- 
ingitis, may  present  joint  symptoms. 

All  the  experimental  evidences  by  numerous  workers  go  to  the  support  of 
the  bacterial  cause  of  the  disease.  To  me  the  report  of  James  M.  Beattie*  is 
very  significant  towards  ])r()ving  the  infectiousness  of  rheumatism.  He  reports 
four  cases  of  typical  subacute  articular  rheumatism  of  long  standing  which  pre- 
sented amyloid  degeneration  of  the  organs.  There  was  no  other  condition 
clinical  or  pathologic  to  account  for  this  amyloid  degeneration  except  rheuma- 
tism. Though  it  is  true  that  the  cause  of  amyloid  degeneration  is  not  clearly 
understood,  yet  it  is  generally  regarded  that  it  is  secondary  to  some  infectious 
agent,  and  that  most  generally  bacterial  in  nature. 

2.  The  four  cases  which  yielded  positive  blood  cultures  were  typical  cases  of 
acute  articular  rheumatism.  Here  the  correct  diagnosis  is  of  the  utmost  im- 
portance. I  will  therefore  cite  the  history  of  one  of  these  cases,  the  other  three 
cases  presented  practically  the  same  symptoms  and  ran  the  same  course.  To 
cite  them  in  detail  would  be  merely  a  question  of  repetition. 

Case  P.  L.,  Hospital  No.  46-W,  was  admitted  to  the  Brookl\n  Jewish  Hospital  on  Jan. 
1.  1910.  His  family  history,  as  well  as  previous  and  venereal  histories  were  negative,  and ; 
had  no  hearing  upon  the  present  illness.     His  habits  were  good.     His  present  illness  began 

*Joiir.   Exper.   Med.,   March      4,    1907. 
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ahout  a  week  before  admission  to  the  hospital  with  fever  and  sweating  and  pains  in  knees. 
The  course  of  the  disease  which  the  patient  ran  under  our  very  eyes,  and  the  symptoms  which 
he  presented,  were  typical  of  that  of  acute  articular  rheumatism.  The  inflammation  spread 
from  joint  to  joint  until  all  of  the  larger  joints  of  the  body  were  involved,  some  of  the 
joints  improving,  while  fresh  ones  became  affected.  The  joints  were  swollen,  red  and  hot 
and  exquisitely  tender.  The  patient  suffered  from  excruciating  pains  in  the  lim'bs  and 
particularly  in  the  joints.  At  times  he  was  rather  restless  and  delirious  and  perspired  pro- 
fusely. The  patient  felt  exceedingly  weak.  \\  hile  in  the  hospital  he  developed  a  blowing 
systolic  murmur  at  the  apex  which  was  transmitted  to  the  left  and  posteriorlv.  His  left 
border  of  the  heart  was  slightly  enlarged.  All  other  examinations  of  his  thoracic  and 
abdominal  viscera  were  negative.  His  tonsils  were  moderately  enlarged  and  congested.  His 
temperature  ranged  from  100°  to  104°,  pulse  from  80  to  125,  and  respirations  from  20  to  40. 
His  urine  examinations  showed  albumin  granular  and  hyaline  casts  and  crystals  of  phos- 
phates, o.xalates,  and  at  times  urates.     Otherwise  it  w-as  negative. 

Blood  Bxain illations. — Reds  5,000,000,  Hb.  60  per  cent.  White  blood  cells  varied 
from  11,000  to  18.000,  polymorphonuclears  went  as  high  as  84  per  cent,  'and  lymphocytes 
\-aried  from  16  to  3Z  per  cent.     Blood  pressure  varied  from   112  to  130. 

The  treatment  consisted  in  the  administration  of  moderate  doses  of  alkalies  and 
aspirin,  and  the  local  application  to  the  joints  of  oil  of  wintergreen.  He  made  an  un- 
eventful but  complete  recovery,  leaving  him  no  stiffness  of  limbs,  and  the  heart  sounds 
became  normal.     The  patient  was   discharged  cured  on  Feb.  27,   1910. 

On  the  sixteenth  day,  at  the  height  of  the  disease,  a  positive  blood  culture  was  ob- 
tained. This  was  repeated  Jan.  23,  the  twenty-third  day  of  the  disease,  and  the  same 
microorganism  was  isolated.  There  were  only  4  to  5  bacteria  per  cubic  centimeter  of 
blood.  The  method  employed  in  the  blood  culture  is  thjit  of  Castellani  and  Schottmuller ; 
i.e..  both  fluid  and  solid  media  were  employed  to  plant  the  blood,  10  to  20  c.c.  of  blood 
being  employed   for  this  purpose. 

That  the  above  case  was  one  of  typical  acute  articular  rheumatism,  no  one 
will  doubt.  That  the  microorganism  isolated  actually  came  from  the  blood  and 
was  not  a  contamination,  we  must  accept,  since  the  same  microorganism  was 
isolated  upon  a  repeated  blood  culture,  and  upon  all  of  the  various  media. 

\\'hat  has  been  said  of  the  above  case  is  practically  true  of  the  remaining 
cases.  To  cite  them  in  detail  would  be  merely  a  question  of  repetition.  .\11 
were  typical  cases  of  acute  articular  rheumatism.  At  the  height  of  the  disease 
a  positive  culture  was  isolated  from  the  blood.  The  blood  culture  was  re]ieated 
a  few  days  later  and  the  same-  microorganism  isolated.  The  microorganism 
isolated  was  a  gram-positive  diplococcus  with  a  ten(lenc\-  towards  the  torma- 
tion  of  short  chains. 

BACTERIOEOOIC   INVESTIC.ATIONS 

The  question  naturalh'  arose,  "Is  this  microorganism  isolated  a  si)ecitic 
germ,  or  is  it  one  of  the  many  forms  of  streptococci.'"     'I'o  determine  this  the 
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morphology,  biology,  biochemistry,  and  pathogenicity  of  the  bacteria  isolated 
was  carefully  studied,  and  comparisons  were  made  under  identical  conditions 
with  known  streptococci  isolated  from  various  sources,  other  than  rheumatism. 

The  results  can  be  briefly  represented  in  the  Tables.  The  letters  A,  B, 
C,  D,  represent  respectively  the  four  strains  of  bacteria  isolated  from  typical 
cases  of  rheumatism.  A'.  Y,  Z  represent  ordinary  streptococci  isolated  bv  the 
author  from  sources  other  than  rheumatism.  A"  was  isolated  from  a  case  of 
mastoiditis.  i'  was  isolated  from  a  case  of  pelvic  abscess.  Z  was  isolated 
from  an  ordinary  abscess. 

It  is  evident  that  these  pathologic  conditions  can  not  possibly  be  considered 
as  a  form  of  rheumatism,  and  this  is  the  reason  why  bacteria  from  these 
sources  were  chosen   for  comparison. 

MORPHOEOCY 

It  is  evident  that  from  the  ])oint  of  view  of  morphology  the  above  rheu- 
matic strains  represent  nothing  characteristic,  the  only  difference  being  that  in 
the  rheumatic  strains  the  cocci  are  smaller,  and  the  chains  are  shorter. 

CUETURAE  CHARACTERISTICS 

The  bacteria  were  inoculated  on  the  various  media  and  studied  both  under 
aerobic  and  anaerobic  conditions.  The  tem])erature  of  incubation  was  37.5°  C. 
The  reaction  of  the  media  employed  was  0.9  per  cent  acid. 

A  study  under  low  power  objective  16  mm..  Ocular  4,  of  colonies,  aerohically 
grown  24  hours  at  2i7.?°  C.  on  agar  plates  in  streaks  showed  the  following: 

Macroscopically. — Colonies  were  small  1  10  to  ^  mm.,  discrete,  convex, 
raised,  glistening,   round,   following  line  of   streak. 

Microscopically. — Round,  edge  entire,  but  faint,  granules  very  coarse  in 
center  of  colonies  but  getting  fine  towards  edge.  In  center  granules  clumped 
together  giving  nucleated  appearance,  from  which  joint  granules  branch  out  in 
branches  or  strings  towards  the  periphery. 

After  six  days  the  growth  was  more  ])rofuse  but  of  the  same  character. 
Litmus  milk  of  C  readily  formed  acid  but  only  coagulated  of  three  days. 

ANAEROBIC    CUETURAE    C  1 1  ARACTllKlSTlCS    AM)     M  ( )K  I'l  I  Ol.oC,  1  C    STUDII'.S    Ol"    STKAIXS 

A,   P.,   C,  1) 

The  method  eni])loye(l  was  that  of  lUuiiiK-r.  the  media  exacllx  tin-  same 
as  for  the  aerobic  cultures,  the  incubator  temperature  ^7.?     C. 

The  bacteria  grew  almost  as  readil}-  under  anaerobic  ;is  under  ai'robic 
conditions.  The  growth  howexer  was  a  little  slower  and  not  (|uiti'  so  profuse. 
The  bacteria  are  therefore  facultatixe  anaerobes.  The  anaerobic  cultural  char- 
acteristics are  identical  with  those  of  the  aerobic,  and  it  will  therefore  be  un- 
necessary to  repeat  the  description.  .Moi"pliol<»gic  studies  of  all  cultures  re 
vealed  gram-])ositi\e   dijtlococci    with    tendency    towards    short    chain    formation. 

Strei)tococci  strains  .\,  ^  ,  and  Z  were  cultured  both  aerobic  and  anaerobic 
under  exactly  the  same  conditions,  and  on  the  sanii-  media  as  strains  A,  11,  C, 
md   1).      i^trains    .\,    ^'    and    7.    exhibited    the    Usual    cultural    ih.iracteristics    of 
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ordinary   streptococci,    and    I    therefore    deem    a    detailed    description    of   these 
unnecessary. 


MORPHOLOGIC    AND    BIOLOGICAL    DIFFERENCES    BETWEEN    STRAINS    A.    B,    C,    D,    AND  I 

X,  Y,  Z 

The  main  difference  between  the  various  strains  of  bacteria  isolated  from 
cases  of  rheumatism  and  the  streptococci  X,  Y,  Z  were  that  the  former  were 
smaller  and  appeared  mainly  as  diplococci  with  a  slight  tendency  toward  chain 
formation.  On  the  other  hand,  the  streptococci  invariably  appeared  in  Ion? 
chains.  Strain  B  appeared  in  long  chains  when  grown  on  glucose  bouillon, 
mannit,  and  salicin.  On  inulin,  strains  C  and  D  caused  fermentation  (D  onl}' 
very  slightly),  A  and  B  did  not.  None  of  the  streptococci  fermented  inulin. 
The  strains  A,  B,  C,  D  grew  iintch  more  rapidh-  and  profusely  than  did  X,  Y, 
and  Z.  Under  anaerobic  conditions  this  contrast  was  even  greater.  Whereas 
the  rheumatic  strains  grew  almost  as  well  under  anaerobic  conditions  as  under 
aerobic,  the  streptococci  on  the  other  hand,  grew  but  sparselv  and  the  ma- 
I'oritv  of  the  cultures  presented  no  growth  at  all.  On  litmus  milk  the  contrast 
was  marked,  the  rheumatism  strains  acidified  and  coagulated  the  media  within 
24  hours.  You  could  turn  the  test  tube  upside  down.  The  acid  formation  was 
very  marked.  On  the  other  hand  the  streptococci  X,  Y,  Z  turned  the  blue  lit- 
mus red  but  slightly  and  did  not  coagulate  the  milk.  The  acid  formed  was  but 
slight.  The  changes  in  McConkey's  media  produced  by  the  micrococcus  rheu- 
maticus  is  regarded  as  characteristic  by  Beattie. 

The  streptococci  X,  Y,  Z  would  not  grow  upon  this  media. 


BIOCHEMISTRY  OF  STRAINS  A,  B,  C,  AND  D 

The  biochemistry  of  these  microorganisms  was  extensively  investigated  for 
me  by  Dr.  Leopold  Rein.  A  summary  of  his  conclusions  to  date  was  the  fol- 
lowing : 

1.  Absence   of   lactic   acid  in   all   cultures. 

2.  All  bouillon  media  tubes  and  bouillon  culture  tubes  give  the  same  find-| 
ings ;  viz.,  the  acidit}'  in  terms  of  formic  acid  as  0.1. 

DRYING    EXPERIMENTS 

These  were  conducted  only  with   strain   A  of  the   rheumatism   series,  an<l 
X,  Y,  and  Z  of  the  streptococcus  series.     On  June  3,  1910,  a  slant  agar  culture 
of  Strain  A  was  left  at  room  temperature.     The  test  tube  was  simply  plugge<l 
with  the  ordinary  cotton  plug.     By  Dec.   1,   1910,  all  the  agar  in  the  test  tubt 
had  dried  up  and  a  mere  yellowish  streak  at  the  inside  of  the  test  tube  was  all 
that  was  left  of  the  culture.     1  attempted  to  make  spreads  of  the  culture  on 
glass  slides  but  this  was  found  physically  impossible  on  account  of  the  dryne:-- 
of  the  media.     I  then  poured  some  sterile  plain  bouillon  into  the  test  tube  con 
taining  the  dried  culture  and  incubated  at  37.5°  C.     At  the  end  of  24  hours,  ti 
my  great  surprise,  there  was  a  profuse  growth  of  gram-positive  diplococci  whici 
had  all  the  characteristics  of  the  original  strain  A.     This  microorganism  wa 
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Still  viable  after  drying  for  six  months.  I  repeated  this  drying  experiment  and 
found  the  microorganism  viable  after  drying  for  11  ^^  months.  For  a  nonspore- 
bearing  microorganism  this  resistance  to  drying  is  certainly  unique.  The  strep- 
tococci X.  Y,  and  Z,  on  the  other  hand  would  die  unless  transplanted  every 
four  to  seven  days. 

ANIMAL  EXPERIMEXTATIOX 

Experiment  1. — The  microorganisms  were  grown  on  glucose  agar  and  a  saline  emul- 
sion was  made  of  a  24-hour  profuse  growth,  and  injected  intraperitoneally  into  white  rats. 
The  results  can  be  best  expressed  by  Table  III 

Table  III 


BACTERIAL 

Rheumatic  Strains 

1 

Ordinary  Streptococcic  Strains 

STRAIX 

INOCULATED 

A  RAT  1 

B  RAT  2 

C  RAT  3 

D  RAT  4 

X  RAT  5 

V  RAT  6 

Z  RAT  7 

Condition 

of  rat 

1 
1 

8/5/10 

Normal 

Normal 

Normal 

Normal     i 

Normal 

Normal 

Normal 

8/6/10 

" 

" 

" 

" 

•' 

8/7/10 

" 

" 

" 

" 

" 

" 

8/9/10 

" 

" 

" 

" 

" 

" 

8/10/10 

" 

" 

" 

" 

" 

" 

Result. — The  rats  were  observed  very  carefully  for  25  days  and  found  absokitely  nor- 
mal.   Neither  the  rheumatic  nor  the  streptococcic  strains  had  any  effect  on  the  rats. 
Experiment  2 — 

(a)  Animals  employed,  7  rjibbits. 

(b )  Inoculation,  intra\'enous. 

(c)  Cultures,  saline  emulsion  of  two  24-hour  glucose  agar  growth. 

(d)  Date  of  inoculation,  Aug.  10,  1910. 

Table  IV 


bacterial 
strain 


Condition 

of  rabbit 

8/10/10 

8/11/10 

8/12/10 

8/13/10 

8/14/10 

8/15/10 

8/18/10 

8/20/10 

8/22/10 

8/25/10 


Rheumatic 
A  rabbit  1     B  rabbit  2    c  rabbit  3     D  rabbit  4 


Normal         Normal  Normal  Normal 


Streptococcic 
X  rabbit  5    Y  rabbit  6    z  rabbit  7 


Normal         Nnmial         Normal 


Result. — The  rabbits  were  carcfull\-  observed  for  20  days  and  all  were  found  absohitcly 
normal. 

EXI'ERI.MKNT  3. — 

(a)    .Animals  emploNnl,  7  miinca  iiiys. 

M))    Iiioculatiiin,   intraperitoneal. 

(c)    Culture,  24-liiiur  glucose  bonillon. 

((J)    Date  ol'  iiioadation.  .\u.;.   17.  I'MIt 
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Table  V 


BACTERIAL 

STRAIN  A  GUINEA         B  GUINEA         CGI'INEA         D  GUINEA 

CONDITION  PIG  1  PIG  2  PIG  3  PIG  4 

OF  GUINEA 
PIC 


8/17/10 

8/18/10 
8/19/10 
8/19/10 
8/20/10 
8/21/10 
8/22/10 
8/23/10 


Xormal 


Normal         Xormal 
Dead 


Xormal 


X  GUINEA         Y  GUINEA       Z  GL'INEA 
PIG  5  PIG  6  PIG  7 


Xormal         Xormal         X'ormal 


Rcsttlt. — The  guinea  pigs  were  observed  for  25  days  and  found  to  be  absolutely  normal 
with  the  exception  of  guinea  pig  2,  which  was  inoculTited  with  strain  B.  This  pig  was  found 
dead  24  hours  after  the  inoculation. 

Autopsy  of  guinea  pig  2  revealed  a  peritonitis  which  was  caused  by  a  Gram  negative, 
nonmotile  bacillus — contamination. 

Experiment  4. — With  strain  A. 

(a)  Animal  employed,  young  X'ewfoundhmd  dog  weighing  about  80  to  90  pounds. 

(b)  Inoculation,  intravenously. 

(c)  Culture,  24-hr.  glucose  bouillon  culture. 

(d)  Date,  Feb.  24.  1910.  at  3  p.m. 

Within  24  hours  the  dog  developed  stiffness  and  tenderness  of  the  left  knee  joint.  The 
next  day  the  right  knee  joint  became  stiff  and  exquisitely  tender.  This  stiffness  and  tender- 
ness spread  to  the  joints  of  the  other  extremities,  so  that  in  an  attempt  to  walk  the  dog 
limped  markedly.  The  joints  felt  hot.  The  animal  was  very  thirsty,  refused  nourishment, 
perspired  profusely  and  was  very  weak.  His  temperature  ranged  between  101-102°  F.  The 
dog  was  irritable  and  cried  a  great  deal  apparently  from  intense  pain.  This  noise  became  so 
troublesome  that  it  was  necessary  to  kill  him. 

Autopsy  of  Dog. — On  Feb.  28,  1910,  at  4  p.m.  dog  was  chloroformed.  Autopsy  revealed 
the  following:  All  the  large  joints  of  the  extremities  were  involved.  The  joints  when 
opened  showed  a  small  amount  of  gelatinous,  clear,  viscid  fluid  and  the  blood  vessels  were 
injected. 

The  pericardium  was  inflamed  and  showed  a  large  amount  of  fluid  slighth'  tinged 
with  blood. 

The  heart  was  otherwise  normal  and  no  lesions  of  the  endocardium  were  demon- 
strable.   The  remaining  organs  revealed  no  pathologic  changes. 

Spreads   from 

(a)  Joints  showed  gram-positive  diplococci  which  had  no  capsules.  There  was 
also  an   occasional  lymphocyte  and  polymorphonuclear   leucocyte. 

(b)  Pericardial  fluid — diplococci  and  streptococci  and  an  occasional  red  blood  cell. 
Culiurcs  from 

(a)  Blood  of  heart  and   veins   showed   short  chains  of  streptococci. 

(b)  Pericardium — Streptococci    of    moderate    and    even    long    chains. 

(c)  Toint.s — ^Diplococci.  The  microorganism  isolated  showed  in  the  main  the  same 
histologic  characteristics  of  the  original  strain  A  with  which  the  dog  had  been  inoculated 

(d)  Gram-positive  diplococci  were  demonstrable  within  the  tissues  of  the  synovial 
membrane. 


CONCLUSIONS 


1.  In  some   cases  of   actite   articular   rheumatism   a   microorganism   can  be 
isolated  from  the  blood. 

2.  The   reason   that   the   positixe   blood   cultures   are   not    found   more    fre- 
quently in  acute  articular  rlieumatism   is  pei"haps  because  the  bacteria   tend  to 
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localize  in  AschotT's  nodules,  and  excejit  in  \er\'  virulent  forms  of  the  disease 
are  rapidly  destroyed  in  the  circulation. 

3.  The  microorganism  isolated  resembles  a   streptococcus. 

4.  AMiether  AlcConkey's  bile  salt  media  can  be  used  as  a  dififerential 
media  to  exclude  streptococci  as  claimed  by  Beattie  must  vet  be  proved.  For 
we  know  that  the  streptococcus  group  is  not  only  a  large  but  a  very  variable  one. 

5.  The  resistance  of  the  isolated  microorganism  to  drving  is  certainly 
unique  for  a  nonspore-bearing  bacteria,  particularly  for  a  streptoccocus. 

6.  Acute  articular  rheumatism,  with  its  frequent  complication,  pericarditis, 
has  apparently  been  reproduced  in  a  dog,  by  an  organism  isolated  from  the 
blood  of  a  patient  suffering  from  a  similar  disease. 

7 .  The  reason  why  the  other  animals  failed  to  contract  the  disease  mav  have 
been  due  to 

(a)  Lack   of   suscei)tibility  on   the   part   of  the   animal. 

(b)  Attenuation  of  the  microorganism  or 

(c)  Both   factors. 

8.  Morphologic  identification  of  the  microorganism  is  unreliable,  since  the 
diplococcus  on  some  of  the  media  will  grow  in  long  chains. 

9.  Further  studies  are  necessary  to  determine  whether  acute  articular 
rheumatism  is  caused  by  a  specific  microorganism,  particularh-  immunologic 
investigations  which  are  under  way. 

I  have  purposefully  refrained  from  referring  to  the  literature  on  this  sub- 
ject since  my  desire  was  to  describe  only  my  own  personal  experience. 

The  cases  mentioned  came  from  Dr.  Merzbach's  service  at  the  Brookhn 
Jewish  Hospital. 


MASSIVE  INFARCTION  OF  SPLEEN  WITH  REPORT  OF  A  CASE* 


Bv  I)E^\'A^•xE  G.  RiCHEv,  PrrTSiUM>'Gn,  Pa. 

AT  the  autopsy  table,  infarction  of  the  spleen  is  not  infref|uently  encountered. 
The  anatomical  explanation  of  this  a])|)ears  to  lie  in  the  fact  that  the  com- 
paratively large  splenic  artery  rapidly  (li\i(k's  into  numerous  small  ti'rminal 
branches,  possessing  small  lumina.  The  infarcted  areas  ma\-  be  large  or  small, 
single  or  multi])le.  'Che  niulti])le  ones  are  usually  small,  although  this  does  not 
necessarily  obtain  in  all  in>tances.  I'.roadly  ^]ieaking,  lio\\e\er,  splenic  infarcts 
are  larger  than  those  found  in  other  solid  viscera,  the  reason  for  which  again 
can  be  attributed  to  the  manner  of  division  of  the  radicals  of  the  splenic  \es- 
.sels.  When  the  intarcti-d  area  is  small,  it  retains  the  wcdgt'-shaped  apjicarance, 
with  the  base  directed  toward  the  capsular  surfaci'.  I'.nl  i  l'  the  inf.ini  is  (piite 
large,  say,  invoking  more  than  one-fourth  the  organ,  its  t\pical  shape  is  lost. 
and  it  becomes  moi-c  irregular  in  ontlini-,  causing  .-i  subsi'(|iicnt  di>torlion  of  the 
spleen.      Moreover,    splenic    infarcts,    as    a    rule,    extend    to    the    capsuU'    of    the 

"Eroni   ihc   MaK'ii-    I'atliiiloKicil    I.alKir.itorics,   AUrcy    Ilnspit.il,    l'iu>liiirK'li.    I'a. 
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organ,  in  contradistinction  to  some  renal  infarcts,  for  instance,  which  may  be 
completely  surrounded  by  living  kidney  tissue.  The  reason  for  this  is,  no  doubt, 
that  the  capsular  arterial  distribution  to  the  kidney  does  not  find  its  analogue 
in  the  spleen. 

Extensive  infarcts  of  the  spleen  are  by  no  means  rare,  yet  it  is  unusual  to 
have  the  entire  organ  incorporated  in  the  infarcted  zone.  In  recent  years  evidence 
has  been  produced  which  will  readily  account  for  this  condition.  Warthin  called 
attention  to  the  splenic  anastomoses  with  the  gastroepiploic  vessels  in  the  omen- 
tum gastrosplenicum,  and  later,  Troell  referred  to  an  additional  factor,  that 
many  broad,  transverse  anastomosing  channels  exist  between  the  branches  of 
both  the  splenic  artery  and  vein,  located  close  to  the  hilum  of  the  organ.  With 
this  anatomical  arrangement,  it  would  necessitate  either  a  very  extensive  block- 
age of  the  splenic  blood  channels  or  a  gross  anomaly  associated  with  a  lesser 
obstruction,  to  render  virtually  the  entire  spleen  one  huge  infarct. 

When  massive  infarction  of  the  spleen  does  not  occur,  even  the  bland 
varietv,  if  the  condition  is  not  recognized  clinically  and  removed  by  operation, 
the  result  may  be  rapidly  fatal.  The  findings  of  an  old  infarct  involving  prac- 
tically the  entire  spleen,  having  occasioned  no  discomfort  to  the  patient,  and 
having  played  no  direct  part  in  his  death,  is  rather  a  unique  condition.  In  view 
of  the  fact  that  there  is  a  paucity  of  references  to  similar  conditions  in  the  litera- 
ture, particularly  when  contrasted  with  the  correspondingly  many  allusions  to 
other  splenic  processes,  it  was  deemed  worthy  to  report  the  findings  in  such  a  case. 

The  following  case  was  admitted  to  the  Mercy  Hospital,  Pittsburgh,  Pa., 
on  Jan.  12,  1917.  It  was  assigned  to  the  service  of  Dr.  T.  w^.  Arbuthnot,  to 
whom  I  am  indebted  for  the  clinical  records : 

R.  C,  male,  age  35,  Negro,  laborer.  Hosp.  No.  4648-17.  On  admission  tlie  patient 
was  in  a  semicomatose  state,  so  that  a  history  from  him  was  not  available.  Unfortunately 
the  social  status  of  the  patient  was  such  that  no  additional  data  could  be  obtained,  save 
for  the  knowledge  of  a  long  standing  deafness,  and  that  the  onset  of  t!ie  present  illness 
had   begun  one  week  previously. 

It  was  with  the  greatest  difficulty  that  the  patient  could  be  aroused  from  his  semi- 
com:j!.tose  condition,  and  at  no  time  was  he  able  to  orientate  himself.  He  presented  a 
marked  generalized  hypertonicity,  associated  with  extreme  retraction  of  the  head  and 
rigidity  of  the  neck. 

Considerable  pain  was  occasioned  by  movement  of  the  head  and  by  pressure  over 
the  tip  of  the  left  mastoid  process.  Deafness  was  quite  obvious.  The  eyes  were  fixed 
and  staring ;  the  pupils  equal,  dilated,  slightly  irregular  in  outline  and  static.  Thoracic 
examination  revealed  no  essential  organic  lesions  in  the  lungs  or   in  the   heart. 

The  abdomen  was  distended,  very  tense  and  both  recti  were  rigid.  There  was  no 
evidence  of  fluid  in  the  peritoneaU cavity,  the  spleen  was  not  palpable.  All  reflexes,  both 
superficial  and  deep  were  greatly  exaggerated,  but  equal.  Kernig's  sign  was  definitely,, 
positive.  No  paralyses  could  be  elicited.  The  temperature  ranged  from  102°  to  104°  F. 
the  pulse  from  120  to  150;  the  respirations  from  28  to  46.  The  blood  pressure  fluctuate^ 
within  normal  limits,  around  100  (S.B.P.)  and  80  (D.B.P.)  mm.  Hg.  The  blood  cour 
was  as  follows:  R.B.C.,  4,900,0C0 ;  W.B.C.,  45,100;  Hgb.  88  (SahH).  Stained  smear_ 
exhibited  a  marked  polycytosis,  (95  per  cent),  with  a  corresponding  decrease  in  the 
lymphocyte  forms.  Analysis  of  a  catheterized  specimen  of  urine  was  negative.  On  lum- 
bar puncture  a  turbid,  almost  milky,  spinal  fluid,  under  definitely  increased  tension,  was 
recovered.     Pneumococcus,  Type  IV,  was  isolated  from  the  culture. 

Despite  vigorous  eliminative  and  supportive  measures,  the  patient  pursued  a  rapidly 
fatal  course,  dying  within  18  hours  after  admission,  the  clinical  diagnosis  was  pneumococcic 
meningitis. 
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An  autopsy  was  performed  two  hours  after  death  by  Drs.  \\\  \\'.  G.  :\Iac- 
lachlan  and  DeW.  G.  Richey. 

To  obviate  the  rehearsal  of  a  lengthy  protocol,  only  the  outstanding  features 
of  the  autopsy  findings  both  macro-  and  microscopical  will  be  mentioned.  Par- 
ticular attention,  however,  will  be  paid  to  the  spleen. 

The  bod\-  was  that  of  an  adult  male  negro,  measuring  161  cm.  in  length.  The  body 
was  well  developed  and  well  nourished.  The  head  was  markedly  retracted.  The  entire 
surface  of  the  brain  was  covered  by  a  diffuse,  greenish,  adherent  exudate,  particularly 
well  marked  m  the  sulci,  and  as  abundant  anteriorly  as  it  was  posteriorly.  The  basilar 
region  of  the  brain  was  bathed  in  a  greenish,  purulent  cerebrospinal  fluid.  'a11  the  sinuses 
of  the  dura  were  clear.  The  left  middle  ear  and  the  mastoid  cells  were  filled  with  a 
gelatinous,  pink,  rather  soft  granulation  tissue.  The  lungs  exhibited  no  areas  of  con- 
solidation, fibroses,  or  calcification.  The  heart  valves  were  clear,  presenting  no  acute,  or 
chronic  lesions.  There  was  a  moderate  degree  of  cloudy  swelling  of  the  heart,  liver  and 
kidneys.     The  aorta,  pancreas,  adrenals,  bladder  and  testes  revealed  nothing  unusual. 

A  cursory  examination  of  the  splenic  fossa  gave  the  impression  that  the  spleen  was 
jntirely  absent.  It  was  found,  however,  in  the  left  hypochondrium,  being  3.S  cm.  above 
■he  upper  pole  of  the  left  adrenal,  and  was  imbedded  in  a  dense  layer  of  adipose  tissue, 
[ts  only  abnormal  attachment  was  to  the  left  parietal  peritoneum,  by  several  dense  ad- 
lesions.  The  left  border  of  the  great  omentum  which  was  curled  upward,  spread  out- 
ward in  a  fan-shaped  manner,  to  its  insertion  along  the  mesial  surface  of  the  organ. 
■Jnfortunatel}^  the  splenic  vessels  were  not  dissected  at  this  time,  nor  was  the  lumeir  of 
he  splenic  artery  probed.  Xo  accessory  spleens,  enlarged  lymph  glands,  nor  hemolvmpli 
lodes  were  encountered. 

Spleen.— Weight  25  grams.  Measured  4.8x2.2x1.8  cm.  The  spleen  was  exceedingly 
mall  and  had  completely  lost  its  normal  appearance,  being  devoid  of  any  of  the  gross 
andmarks  by  which  it  could  be  identified  as  such.  Its  removal  with  the  perisplenic  omen- 
al  tissues,  which  was  accomplished  only  with  difficulty,  revealed  a  very  unique  structure. 
t  consisted  of  a  large,  oval  nodule,  with  a  dull,  yellowish  surface,  and  was  very  hard 
n  consistency.  At  one  end  of  the  nodule,  there  were  three  irregularly  oval  lobulated 
nasses,  varying  in  size  from  1.2  by  0.9  by  0.4  to  1.7  by  1.2  by  0.9  cm.  Beneath  the  thick- 
ned  capsule,  these  presented  a  reddish  gray  appearance,  which  simulated  somewhat  the 
olor  of  splenic  tissue.  At  the  opposite  end  of  the  central  nodule  was  a  thin,  fin-shaped 
iece  of  compressed  tissue,  measuring  4  by  2  by  0.2  cm.  The  surface  was  smooth,  and  it 
resented  a  dull,  dark  red  appearance,  beneath  which  several  arborescent  trabeculations 
ould  be  seen.  This  piece  of  tissue  was  of  approximately  the  thickmess  of  the  diaphragm, 
nd  looked  not  unlike  that  structure,  but  also  suggested  a  splenic  origin,  inasmuch  as 
le  cut  surface  revealed  a  dull,  red,  meaty  appearance,  in  which  the  cut  mouths  of  the 
lood  vessels  were  clearly  observed.  The  entire  organ,  then  presented  three  separate  and 
istinct  parts — (1)  the  nodular,  hard  center,  which  was  the  largest  part;  (2)  the  lobulated, 
landlike  nodules  at  the  lower  pole;  (3)  the  flattened  fin-shaped  tissue  at  the  opposite  pole. 
On  section  through  the  organ,  the  central  nodule  was  seen  to  consist  of  a  ycllowi.sh, 
ecrotic  material,  through  which  numerous  dense  strands  of  fibrous  tissue  coursed  in  an 
regular  fashion.  Here  and  there,  tiny  granules  of  calcified  material  could  be  made  out. 
t  one  place  near  the  center,  a  small  oval  island  of  reddish  tissue  occurred,  whicii  bore 
close  resemblance  to  the  tissue  noted  at  one  end  of  the  specimen.  This  area  mea-ured 
Vi  the  cut  surface,  6  by  2  mm. 

The  appearance  of  this  mass  suggested  a  process  of  necrosis,  with  subseiiueut  fil)ri)sis 
il  calcification,  following  extensive  infarction  of  the  organ.  The  cut  surface  of  the 
ree  nodules  previously  described  presented  a  dull  red,  smooth,  glisteniiig  api)earance, 
the  center  of  which  was  a  stcUate,  white,  fibrous  core,  from  which  radiated  numerous 
)rous  trabeculae.  These  nodules  communicated  with  each  other  and,  l)ecausc  of  this 
tct,  altliough  they  closely  rcseiTii)led  splenic  tissue,  they  did  not  convey  the  impression 
accessory  sjjlcens,  but  rather  a  portion  ot  the  organ  which  had  sur\i\t-d  In  virtue  of 
e  adhesions   which   were  present  at  this   ]>oint. 

Microscopic  section  of  the  spkiMi  showed,  along  one  border,  a  narrow  strip  of  splein"c 

<sue.      This    area    revealed    \hv    usual    iiiclure    of    sjiknic    pulj),    e\ce;)t    that    tlierc    was    a 

arked    increase    in    the    fibrous    connective    tissue.      The    capsule    wa^    markedl\    tliiokeiied. 

contained  many  small   blood   vessels.     The  sinuses  n\    the   s|,hiiic   pulp    wire   dil.ited   and 

them   cr)nl(l    be   seen    er\  throcytes,   eiidi 'tlu'lial   cclK.    1\  m]>li(n\  lis   ;ind    l(iuoc\  les.      ()|    the 
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latter,  the  polymorphonuclears  remained.  Only  vestiges  of  the  lymphoid  tissue  of  the 
organ  remained.  One  small  Malpighian  corpuscle  was  noted.  Immediately  contiguous 
with  this  area,  and  sending  broad,  irregularly  arborescent  ramifications  into  it,  could  be 
seen  a  wide  expanse  of  tissue,  densely  fibrous  in  appearance.  This  area  was  composed 
of  variously-sized  islands  of  hyaline  material,  which  were  supported  by  a  dense  fibrous 
stroma.  In  the  section  no  evidence  of  calcification  was  present,  though  the  character  of 
the  tissue  was  such  that  it  might  well  have  been  expected.  In  curious  cleftlike  interstices 
in  this  solid  fibrous  tissue,  masses  of  brown  crystalline  pigment  in  large  masses,  were 
noted.  The  large  masses  had  provoked  giant-cell  formation,  of  the  foreign  body  type, 
while  smaller  particles  lay  in  endothelial  cells.  There  was  no  evidence  of  tubercle  forma- 
tion. Cultures  taken  from  the  heart's  blood  and  meninges,  at  autopsy,  showed  the  pneu- 
mococcus ;  the  culture  from  the  mastoid  showed,  in  addition  to  this  organism,  the  staphy- 
lococcus pyogenes  aureus,  and  B.  pseudo-influenzae.  All  the  strains  of  pneumococcus 
which   were  isolated,   fermented  lactose,   salicin  and  inulin,   and  belonged  to   Group   IV. 

The    anatomical    diagnosis    can    be    condensed    to    the    following :     acute    suppurative 
meningitis    (pneumococcic)  ;   acute  and  chronic   suppurative  otitis  media    (left);   acute  and 
chronic  suppurative  mastoiditis   (left);  cholelithiasis;  massive  infarction  of  spleen;  atro]ili 
of  spleen;   chronic  perisplenitis. 

In  summarizing  the  case,  we  have  a  male  negro,  35  years  of  age.     He  \va- 
admitted  to  the  hospital  in  a  semicomatose  state.     The  only  available  history  war- 
that  of  a  protracted  deafness  and  that  the  onset  of  his  present  illness  had  ante 
dated  his  death  by  a  period  of  eight  days.     There  w^as  no  history,  or  antemorteni 
physical  or  laboratory  finding  which  pointed  to  the  presence  of  any  splenic  con 
dition.     The  cause  of  death  was  directly  referable  to  an  acute  suppurative  nienj 
ingitis  (pneumococcic),  the  origin  of  which  was  an  old  otitis  media  and  mastoid 
itis.    The  spleen  was  very  atrophic,  showing  a  large  area  of  necrosis,  fibrosis  anc 
calcification,  and  two  small  peripheral  masses  of  livdng  splenic  tissue  surroundec 
by   dense  fibrous   adhesions.     The   positive  findings   in   the   other   viscera  wert 
coincidental  to  the  acute  infection  of  the  meninges,   save   for  the  presence  o 
many  small  gall-stones.     No  focus  from  which  an  embolus  could  have  arisen  \va 
found.     No  congenital  abnormalities  were  evident. 

Absence  of  the  spleen  may  be  a  congenital  anomaly  or  the  result  of  surgicn 
intervention  and  is  not  incompatible  with  life.  Hodenpyl,  in  reporting  a  case  o 
a])parent  absence  of  this  organ,  was  able  to  collect  nine  other  cases  from  th 
literature.  Others  have  cited  instances  where  a  congenital  absence  occurred  i 
monsters,  notably  Hensinger  and  Potter.  The  three  most  common  finding 
associated  with  splenic  agenesis  are  accessory  spleens,  generalized  lymphati 
hyperplasia  and  hemolymph  nodes.  The  accessory  spleens  may  vary  from  ori 
to  fifty,  as  cited  by  Tliorel,  or  400,  as  mentioned  in  the  case  of  Albrecht.  Tli 
marked  generalized  lymphatic  hyperplasia  was  one  of  the  outstanding  featun 
of  Hodenpyl's  case.  The  occurrence  of  hemolymph  nodes  is  probably  closeli 
.'uialogous  to  this  phenomenon,  for,  as  Warthin  has  pointed  out,  these  stru< 
tures  apparently  simulate  lym[)h-glands  in   function. 

References  to  diminutive  spleens  are  not  commonly  encountered  in  tl, 
literature.  Calvert  reports  the  case  of  such  a  spleen  weighing  2.1  grams,  whic 
was  removed  at  autopsy  from  a  female  30  years  of  age.  Microscopically, 
diminished  splenic  pul]),  thickened  arterial  walls  and  trabeculae  were  the  ma 
considerations.  Glinski  found  a  small  spleen  at  necropsy  in  a  female,  aged  4 
who  died  of  pulmonary  tuberculosis.  The  condition,  he  intimates  had  no  bea 
ing  on  the  size  of  the  spleen,  but  offers  no  explanation  regarding  the  etiolu: 


MASSIVE  IXFARCTIOX   OF  SPLEEN    WITH   REPORT  OF  CASE  523 

of   the   s])lenic    finding.      Paulesco    records    the    case    of    '•rudimentary    spleen," 
measuring  o  by  1  b}-  2.6  cm. 

Again,  one  encounters  but  few  cases  of  extensive  infarction  of  the  .pleen 
with  marked  atroi.hy.  \'intele  aj^parentlv  encountered  such  a  ca^e  but  his' 
article  was  not  obtainable  at  this  time.  Nuzum,  in  a  recent  communication  on 
infarction  of  the  entire  spleen,  was  able  to  collect  twentv-eight  cases  in  the 
literature,  to  which  he  added  four  of  his  own.  In  onlv  two  of  the  entire  series 
of  cases  were  the  spleens  small,  and  in  onlv  one,  that  of  Durand  could  the 
hnding  be  compared  with  our  case.  In  this  instance  the  organ  was  described 
as  a  "gigantesque  cicatrix."  In  all  the  other  cases  the  spleen  was  enlar-ed 
being  m  one  case  as  heavy  as  2700  grams  and  in  another  as  large  as  25  by  15  by 
8  cm.  There  is  but  little  doubt  that  the  variations  in  the  proportions' of  the 
organs  in  this  series  and  ours  could  be  adequately  explained  from  the  stand- 
point of  time  rather  than  the  amount  of  involvement  or  the  manner  in  which 
he  infarction  occurred.  As  Nuzum  points  out,  the  atrophic  and  fibrosed  spleens 
represent  the  final  stage  in  the  process  of  repair  of  the  infarcted  area.  It  is 
Imperative,  if  there  be  a  culmination  of  the  process  in  cicatrization,  that  the 
:?tiologic  factor  be  of  a  sterile  nature,  and,  but  to  a  lesser  extent,  of  a  gradual 
,)nset.  Rapid  occlusion  of  both  splenic  vessels  leads  almost  without  ex'^ception 
jO  a  fatal  termination,  if  the  causative  agent  is  infectixe  through  abscess  fomia- 
|ion  or  through  absorption  of  the  toxic  products  of  cellular^disintegration,  if 
|he  agent  be  sterile.  Hence,  progressive  thrombosis  of  both  the  splenic  artery 
[nd  vein  is  the  probable  mode  of  development  of  the  lesion  in  our  case,  for,  as 
suzum's  examples  would  indicate,  an  embolus  of  the  splenic  arterv  rarely 
auses  infarction  of  the  entire  spleen. 

The  various  stages  through  which  a  bland  infarct  passes  has  alwavs  been 

subject  of   great   interest.      Whether   in   its   incipiencv,   an    infarct    is   hemor- 

hagic   or   anemic    has    called    forth    considerable    debate    among    manv    ardent 

•orkers.     Some  writers,  notably  Beckman  and  Weigert,  folloued  bv  von  Reck- 

nghausen.  Thoma  and  Orth,  held  the  latter  view  and  Uhtholt,  Talma.  I'.eattie 

nd  Dickson,  and  others,  accepted  the  former  theory.     In  later  vears.  Karsner 

nd  Austin,  arrived  at  the  same  conclusions,  following  a  series  of  ex])eriments 

1  dog.s.     In  any  event  there  seems  to  be  but  slight  doubt  that  whether  an  early 

farct  is  hemorrhagic  or  anemic  depends  largely  on  the  organ  involved.     Tims, 

farcts  of  the   retina   and   kidney  are  usually   anemic,   those  of  the   lung.  ;,n,l 

te.stines  are  practically  always  hemorrhagic.      When    heni<.rrliage   does  "occur. 

IS  u.sually  by   a   ])rocess   of   diai)e(lesis    rather   than    rjuxis.      WCKli    .nid    Mall 

>ldthat  a  high  venous  pressure  favors  hemorrhage  ui  the  inf.ircled  ari^i   while 

low  arterial  j-ressure  opposes  il.      It  is  highly  probable  that   thr  wh..lr  ,st..ry  is 

>t  told   from   the   point   of   \icw   of   pressure   in   the  circulatorv   channels.   '  .\s 

riami   points  out.   an..thcr   iniportant    factor   nuist    be   taken    into   considovilion. 

mely   the  susceptibility   of   certain    tis>ues    to    circulatory    unrest,    will,    ;,    rapid' 

'^charge  of  autolytic  en/.ymi-s.  and   libcnition   of   prolhronil.in.   s,,  ih.u    c-,,;,n„|;,. 

m  occurs  bcf,.,-o  diai.edesis  of  the  er\  throcvtc^  can   take  pl.ice.      It    soc-ms'l,,..-- 

"1  to  concludr  with   .MacCallnm.  that   dralh  of  ihv  t.ssur  n,   thr  ;,rra  of  int-arc- 

'"1  IS  due  t(,  tin-  ancnna.      In  our  casr  \hc  presrnce  of  considrrablc  bl....,|    pig- 
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I 

ment  would  indicate  that  there  had  been  a  considerable  extravasation  of  blood  I 
into  the  infarcted  area.  I 

A  consideration  of  the  niinutia:^  of  the  specimen  we  have  described,  reveals' 
no   characteristics   which   differ   from   the   usual   end   results   of   bland   infarcts.! 
Of  far  more  interest  is  the  persistence  of  some  of  the  splenic  tissue.     A  con-| 
comitant  perisplenitis  is  the  usual  finding  in   splenic  infarcts   due  to   irritation! 
of  bacteria  or  tissue  disintegration.     In  the  earliest  stages  a  fibrinous  exudatej 
occurs,   which   later   becomes   organized.      The   omentum   becomes    adherent   to' 
the  splenic  surface,  or,  if  the  process  is  sufficiently  extensive,  may  envelop  the 
entire  organ.     This   fact  was  noted  by  Troell,  who   found  the   spleens  of  two' 
guinea  pigs  markedly  diminished  in  size  after  ligation  of  the  splenic  vessels,! 
despite  the  fact  that  in  both  instances  the  organs  were  enveloped  in  omentum.} 
From   this   obser\ation   he    concludes    that   a   "subsidiary    collateral    circulation! 
through  the   spleen   capsule   could  not  be   developed   and  thus   compensate  thej 
stoppage  of  the  blood  supply  through  the  spleen  hilum."     This  same  author  cite^ 
the  instance  of  some  experimental  w^ork  carried  on  by  Garlow  and  Sheldon,  \\\k 
ligated  the  entire  hilum  in  three  dogs,  all  of  which  died.     The  latter  workei 
subsequently  followed  Pirone's  method  of  attaching  the  omentum  to  the  spleen 
Again,   all  the  animals   died.     On  the   other  hand,   Jamison   observed   that,   ii 
ligating  the  splenic  pedicle  in  five  dogs  and  covering  the   spleen  by  omentum 
all  the  dogs  recovered,  there  was  no  severe  crisis,  as  seen  in  the  cases  when, 
the  omentum  was  not  attached,  and  the  degree  of  atrophy  was  greater.     Thtj 
results  of  these  investigations  are  widely  divergent.     From  the  data  on  banc 
it  would  be  difficult  to  draw  any  conclusions  as  to  the  function  that  the  omen, 
turn  plays  in  this  type  of  case.  ' 

The  author  wishes  to  thank  Doctor  Oskar  Klotz   for  many  valuable  sugj 
gestions  during  the  preparation  of  this  paper. 
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THE  ETIOLOGY  OF  SCARLET  FEVERS' 


II.  A  Skin  Test  Which   May  Indicate  Immunity  to  Scarlet  FevEr 


By  R.  W.  Pryer,  D.P.H.,  and  George  Sewell  M.D.,  Detroit,  Mich. 

;'N  a  previous  paper^  from  this  department,  mention  was  made  of  a  large  organ- 
[  ism  which  was  isolated  from  the  blood  in  a  fatal  case  of  scarlet  fe^■er, — to 
jammarize  briefly : 

I  This  organism  varies  in  length  from  2  to  8  microns  and  seldom  exceeds  4 
jticrons  in  diameter.  In  young  cultures  the  organism  tends  to  be  si)herical  in 
jiape.  It  stains  readily  and  tends  to  be  gram-negative  although  its  behavior  to 
jrani's  stains  is  not  constant.  With  a  differential  stain  such  as  Giemsa's,  a  red 
j-anule  can  be  made  out  in  a  faintly  staining  central  portion.  This  organism 
j'ows  best  on  blood  agar  and  cultures  on  this  media  give  a  peculiar  distinctive 
llor.  The  growth  in  liquid  media  is  very  slow,  no  pellicle  is  formed  but  a  slimy 
idiment  gradually  collects.  In  sugar  media  no  gas  is  formed  and  alkali  is 
:bwly  produced.     Gelatin  is  not  liquefied. 

It  is  not  our  intention  in  this  paper  to  go  deeper  into  the  cultural  character- 
ics  of  this  organism  but  in  the  near  future  we  expect  to  present  an  article  on 
lis  subject  and  desire  to  state  at  this  time  that  we  have  obtained  this  same 
ganism  from  the  throat  of  scarlet  fever  patients,  although  only  in  a  very  limited 
mber  of  cases.  Cantacuzene,-  however,  has  described  an  organism  similar  U), 
not  identical  wdth,  the  one  described  by  us  and  states  that  while  ordinary  lab- 
c|itory  animals  are  immune  to  injections  of  these  cultures,  the  injection  into 
inkeys  is  followed  by  sickness  and  occasional  death.  The  condition  produced 
monkeys  is  very  similar  to  the  clinical  manifestations  of  scarlet  fe\er  in  the 
Hnan. 

The  skin  test  reported  in  this  paper  is  based  largely  on  the  work  of  Gay'  and 
associates  on  the  t}i)hoi(lin  test  in  t}phoid  fever.  Tyi)h()i(lin  is  ^irepared  by 
ejiporating  a  broth  culture  of  B.  typhosus  at  56°  C.  to  about  25  per  cent  of  its 
o^inal  volume.  This  concentrated  culture  is  then  precipitated  1\\-  slowly  pour- 
ir  into  an  excess  of  absolute  alcohol.  The  precipitate  is  filtered  ofi",  washed  in 
aiolute  alcohol,  then  with  ether,  dried,  and  finely  pulverized  in  a  mortar.  The 
uj  of  polyvalent  preparation  of  t\])hoidin  is  recommended  and  the  dose  is  given 
ir:he  literature  as  0.00002  gm. 

It  seems  to  us  as  though  no  definite  dosage  could  be  gi\en  for  a  preparation 
ouhis  kind.  We  ha\e  found  in  (jur  work  that  the  dose  of  these  [ireparalions 
v.'ies  within  wide  limits  .and  must  be  determined  for  each  one  just  as  it  is 
n<:'ssary  to   determine   the    M.L.D.   of   eaeh   batch    of   diphtheria    toxin    and    to 

fully  standardize  each  new  antigen. 

Ty])hoidin  when  injected  intradernially  into  people  \\li(»  ha\c  had  tvplioid 
*Cir  gives  a  <listinct   reaction   in  about   7?  ])er  cent   of   the  in(li\iduals  and   this 

•From   the   I'.un.iu  ,,!   I„ilH.r;it()rics  of  tlic   DclrDit   I'.oaid   of    Mc.-illh. 


ca 


526  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

reaction  persists  for  over  forty-eight  hours.  In  people  who  have  been  recently] 
vaccinated  against  typhoid  fever,  the  ])ercentage  of  positive  reaction  is  slighth 
lower,  whereas  in  individuals  with  no  history  of  typhoid  fever,  the  percentagd 
of  positive  reactions  is  only  about  14.  i 

Although  we  realize  that  we  have  not  proved  that  this  organism  which  fo 
the  sake  of  convenience  we  will  refer  to  as  B.B.,  is  the  cause  of  scarlet  fever,  w 
have  called  the  preparations  made  from  it  scarlatin  and  in  this  paper  we  us 
that  term  to  describe  the  material  made  from  these  cultures  in  a  method  simila 
to  the  manufacture  of  typhoidin  from  the  typhoid  bacillus. 

The  growth  of  the  organism  isolated  by  us  is  very  slow  in  any  liquid  med'c 
consequently  in  order  to  get  a  heavy  growth  in  broth  considerable  time  is  n\ 
quired.  Our  first  scarlatin  (Scarlatin  1)  was  prepared  from  a  culture  of  B.T 
No.  1,  which  had  been  growing  in  broth  for  eighty  days.  This  preparation  wf 
accidentally  destroyed  before  standardization  was  completed  but  gave  result 
which  encouraged  us  to  proceed  with  this  work. 

Scarlatin  No.  2  was  also  made  from  culture  B.B.  No.   1.     The  broth  use 
was  made  from  fresh  beef  and  contained  2  per  cent  Difco  peptone,  1  per  cei 
glucose,  0.5  per  cent  salt  and  was  adjusted  to  a  final  reaction  of  +  1  by  phenc 
phthalein.     This  flask  was  incubated  for  70  days  at  3)7°  C. ;  at  the  end  of  th; 
time   the   media  had   evaporated   to   about   25   per   cent   of   its   original   volunr 
The  growth  of  organisms  was  heavy  and  slimy  and  had  settled  to  the  bottom 
the  flask.     The  growth  was  proved  to  be  pure  by  subculturing  and  microscof 
examination.      This   growth   was   poured    into   20   volumes   of    absolute   alcoh' 
stirring  continually.     The  precipitate   formed  was  too   sticky  to  filter  and  w 
separated  by  centrifuging.     The  i')recipitate  was  washed  with  absolute  alcoh 
then  with  ether  by  shaking  in  the  tube,  dried  at  37°  C.  and  then  finely  pul\i 
ized  in  a  mortar. 

Upon  standardization  of  Scarlatin  No.  2,  0.00002  gm.  was  found  to  ' 
what  we  call  the  minimum  effective  dose;  i.e.,  that  amount  which  upon  int 
dermal  injection  will  give  the  highest  number  of  positive  reactions  in  scait 
fever  convalescents  and  the  lowest  number  in  individuals  with  no  history  f 
scarlet  fever.  The  solution  for  the  test  was  made  up  so  that  this  amount  '*' 
weight  of  the  power  was  contained  in  1  10  c.c.  of  sterile  physiologic  salt  si 
tion.  This  amount  was  injected  intradermally  into  scarlet  fever  convalescep 
and  into  people  who  gave  no  history  of  scarlet   fever. 

These  injections  were  controlled  by  the  use  of  a  preparation  of  sterile  brh 
evaporated  to  25  per  cent  of  the  original  volume  and  precipitated  by  absi^ 
alcohol.     The  precipitate  was  washed  with  absolute  alcohol  and  with  ether,  i.-' 
dried  and  pulverized.     The  dose  of  this  control  has  been  the  same  amountp- 
the  scarlatin  prei)aration  and  has  been  given  into  the  other  arm. 

Table  I  shows  the  results  obtained  in  a  series  of  cases  with  Scarlatin  N(  - 
The  patients  with  history  of  scarlet  fever  were  patients  in  the  scarlet  ft  '' 
pavilion  of  the  Detroit  Alunicipal  Hospital  and  were  in  irom  the  third  to 
fifth  week  of  the  disease.  The  control  cases  were  patients  who  were  in  j'^ 
same  hospital  but  in  different  pavilions  and  were  convalescent  from  o  -r 
diseases.     Most  of  these  were  about  to  be  released  after  diphtheria. 
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Table  I 

No. 

+ 

? 

- 

%  + 

Scarlet    fever 

34 

25 

1 

8 

86 

Not  scarlet  fever 

35 

4 

3 

28 

11.5 

These  reactions  were  read  at  the  end  of  twenty-four  hours.  A  reaction 
>  called  positive  when  the  area  oi  uiflammation  is  as  large  as  a  dime  (about  18 
nm.  in  diameter).  Reactions  recorded  as  cjuestionable  have  a  definite  redness 
ibout  the  site  of  inoculation.  Induration  at  site  of  inoculation  without  definite 
nflammation  is  recorded  as  negative. 

j  This  material  appears  to  retain  its  potency  indefinitely  in  the  dry  powdered 
Itate  but  when  put  in  solution,  deteriorates  rapidly  at  room  temperature. 
jVhen  kept  in  the  ice  box,  the  solution  increases  somewhat  in  strength  at  first 
Ind  then  gradually  deteriorates. 

j  Table  II  shows  the  results  obtained  with  vScarlatin  Xo.  2  on  a  few  normal 
idividuals : 


ABLE    II 

No. 

+ 

- 

%  + 

2 

2 

0 

100 

4 

2 

2 

50 

History  of  scarlet   fever 
No  history  of  scarlet  fever 

It  is  our  opinion  that  many  people  have  had  scarlet  fever  and  are  not 
kvare  of  it.  Farther  on  in  this  paper  we  will  go  deeper  into  this  but  we  desire 
I  state  here  that  the  two  people  with  no  history  of  scarlet  fever  who  gave  a 
)sitive  reaction  with  Scarlatin  No.  2  are  much  older  than  the  other  two.  It  is 
■  course  well  known  that  older  people  are  less  liable  to  scarlet  fever  than 
lildren  or  yovtng  people. 

In  repeating  this  work  a  flask  of  media  of  the  same  composition  but  freshly 
ade  up  was  inoculated  with  the  organism  B.B.  No.  1,  and  after  three  days  in 
e  incubator,  this  was  concentrated  and  precipitated  as  before.  This  i)repara- 
m  was  nearly  inert,  although  by  this  time  the  organism  was  growing  fairly 
ill  in  liquid  media.  H'his  preparation  wh'ch  we  ha\e  labeled  Scarlatin  No.  3 
too  weak. 

Scarlatin  No.  4  was  made  in  the  same  way  from  a  culture  nine  days  old. 
lis  preparation,  while  not  as  strong  as  No.  2,  seemed  to  gi\e  \  ery  good  results, 
le  following  shows  the  standardization  of  this  ])roduct. 

In  the  first  set  of  e.\]»eriments  2  mg.  of  the  jiowder  was  weighed  out   \t'r\ 
Cefully  and"  then  ground  in  a  sterile  mortar  with  80  mg.   of  sodium   chloricK'. 
n  c.c.   of   water   was   added    in    small    portions,    stirring   after    each    addition. 
llO  c.c.  of  this  solution   was  then   injt'Cted   inti-advi-iually. 

Four  scarlet  fe\er  ])atients  and  five  others  with  no  history  of  scarlet   l'e\er 
eived   this   injection.      .None    reacted. 

In  Table  1\',  the  weight   of  >carlatin   was  increased  to   ."^  mg.    With   a   dose 
1/10  c.c,  this  is,  of  course,  ('(luiNalenl   to   .0000.^  gni.      Again   {hvw  w  i-re  no 
ructions  in   either  .series. 

The  use  of   10  mg.  of  powder  with  SO  nig.  n\    salt    m    10  c.c.  of   water  has 
I  the  strength  used  in  the  following  experiments,      hi  most   ot"  these,  a   eon- 
injection  has  been  made  into  the  other  arm.  either  ot    the   sanie  amoinit   of 
€4ure  media  as  heretofore  described,  or  a   tvphoidin  sohilion. 


528  THE    JOURNAL    OF    LABORATORY    AXD    CLINICAL    MEDICINE 

The  typhoidin  used  was  prepared  from  the  Rawhns  strain  of  B.  typhosu 
according  to  the  method  described  by  Gay  and  his. associates.  We  have  noi 
attempted  to  standardize  this  for  the  determination  of  immunity  to  typhoic 
fever,  and  all  our  reactions  were  read  at  twenty-four  hours  instead  of  the  forty 
eight-hour  period  recommended  by  workers  with  typhoidin. 

Our  object  in  using  typhoidin  in  this  work  has  been  to  see  if  scarlet  feve 
left  a  hypersensitive  condition  of  the  skin.  We  do  not  believe  that  it  does,  bu 
we  have,  we  believe,  shown  that  in  the  use  of  scarlatin  on  one  arm  controlled 
by  an  injection  of  typhoidin  in  the  other,  the  reactions  of  each  preparation  ar 
intensified  and  that  such  compared  injections  give  misleading  results. 

In  Table  III  the  scarlatin  used  was  No.  4  in  1/10  mg.  dose.  Part  of  thes 
injections  were  controlled  by  an  equal  amount  by  weight  of  culture  media  cor 
trol.  Part  were  controlled  by  the  use  of  typhoidin  in  0.0000025  gm.  doses, 
few  were  not  controlled  at  all.  When  a  control  was  used  it  was  always  give 
intradermallv  into  the  right  arm,  the  scarlatin  being  given  in  the  left. 

Table  III 
vScARLATTN  Tests 

No.         +         ?         -         %  + 
Scarlet  fever  convalescents  2nd  to 

5th    week  42        22  2         18        52.5 

NVt  historj-  of  scarlet  fever  31  5  2         24         16.1 

In  Table  IV  Scarlatin  No.  4  in  the  same  dose  was  used  either  alone  (| 
with  culture  media  control.     All  controls  in  this  series  were  negative. 

Table  IV 

Xo.         -f  ?         -         %  + 

Scarlet  fever  convalescents  2nd  to 

5th  week  29         15  2         12        51.5 

Xo  history  of   scarlet   fever  21  0  1         20  0 

In  Table  V,  the  results  with  typhoidin  are  given  in  a  series  of  cases.  Pa 
of  these  have  had  at  the  same  time  an  injection  of  scarlatin  in  the  other  ar^ 

Table  \' 

Xo.         +  ?         -         %+  j 

Scarlet  fever  convalescents  2nd  to  ' 

5th   week  31        23  5  3        74 

X^o  history  of  scarlet    fever  24         20  3  1         83.5 

In  Table  Vl  the  results  with  typhoidin  alone  are  shown.  These  reacti'.^ 
were  not  controlled. 

Table  \'I 

Xo.       +        ?       -       7o  + 

Scarlet  fever  convalescents  2nd  to 

5th  week  13  9  2  2        69 

X"o  history  of  scarlet  fever  14         11  2  1         79 

Scarlatin  No.  5  was  prepared  as  follows:  100  c.c.  18-day  broth  culturejt 
Organism  No.  I ;  100  c.c.  18-day  broth  culture  of  Organism  No.  II  and  100  |- 
70-day  broth  culture  of  Organism  No.  II,  were  combined  and  evaporatediit 
56°  C.  I 

The  100  c.c.  of  broth  in  which  Organism  No.  II  had  been  growing  foijO 
days  had  comparatively  few  organisms  in  it  while  the  others  had  a  very  hefY 
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growth.  All  cultures  were  subcultured  and  proved  to  be  pure  strains.  Organ- 
ism Xo.  I  was  isolated  from  the  blood,  while  Organism  Xo.  2  was  isolated  from 
the  throat  of  a  scarlet  fever  patient. 

Scarlatin  Xo.  5  was  prepared  from  this  concentrate  in  the  usual  wav  and 
standardized ;  0.00002  gms.  was  found  to  be  the  minimum  efif ective  dose.  Table 
VII  shows  the  results  in  a  small  series  of  tests  at  the  Detroit  Municipal  Hospital. 


Table  VII 

No. 

pos. 

p 

neg. 

k 

35 

15 

14 

6 

20 

3 

3 

14 

Scarlet  fever  2nd  to  5tli  week 
Xo  history  of  scarlet  fever 

Table  \'III  shows  the  results  obtained  in  a  series  of  tests  with  Scarlatin  No.  5. 
The  people  included  in  this  table  were  normal  people  with  no  infectious  disease. 

Table  VIII 

History  of  scarlet  fever 
Xo  history  of  scarlet   fever 

It  has  been  noted  in  this  work  that  in  people  with  no  history  of  scarlet  fever 
the  probability  of  a  positive  reaction  increases  with  age.  Scarlet  fever  is  essen- 
:tiallv  a  disease  of  childhood.  In  Chart  Xo.  1  the  distribution  by  ages  of  the 
Itotal  number  of  cases  of  scarlet  fever  reported  in  Detroit  between  X"ov.  1,  1917, 
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nd  ]-"(.-b.  28,  l')18,  is  shown  gra])hicallv  li\  tln'  solid  line.  A  study  of  ihis  chart 
lows  that  of  these  '/'hi  cases  609  or  over  SO  i)i'r  cent  arc  15  years  or  less  in  age 
nd  that  the  highol  incidence  is  between  5  and  S  years  of  age. 

The  number  of   tests  on   ])eo])le  with   no  history  of   scarlet    U'\ci-   is   not   as 
reat  as  it  should  be.     Takinij'  those  cast-s  on  which   we  ha\e  coniiilete  data   we 


No. 

pos. 

? 

neg. 

%  + 

11 

4 

0 

7 

36.3 

25 

11 

8 

6 

44. 

25 

14 

5 

6 

56. 
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have  83.  Of  these  83,  45  are  le.ss  than  20  years  of  age  and  the  reactions  were 
recorded  as,  positive  6,  questionable  5,  negative  34.  Of  the  38  over  20  years  of 
age  our  records  show,  11  positive,  11  c|uestionable,  and  16  negative.  In  the  cases 
with  history  of  scarlet  fever,  the  age  did  not  influence  the  reaction  in  this  way. 
Table  IX  shows  the  results  with  scarlatin  tests  in  scarlet  fever  convalescents 
arranged  according  to  duration  of  the  disease  in  weeks.  This  seems  to  show 
that  immunity  to  scarlet  fever  is  developed  rather  slowly,  which  is  in  agreement 
with  the  clinical  experiences  in  this  disease. 

T.\BLE   IX 
Duration 
2  weeks 
2  to  4  weeks 
Over  4  weeks 

Summary 

In  a  previous  paper  an  organism  of  unusual  characteristics  was  described. 
This  organism  was  isolated  from  the  blood  of  a  man  dying  of  scarlet  fever.  In 
this  paper  mention  is  made  of  the  fact  that  we  have  found  this  same  organism 
in  the  throat  of  scarlet  fever  patients,  although  only  in  a  very  low  percentage 
of  cases  studied.  Cantacuzene  has  described  an  organism  found  in  the  throat  of 
scarlet  fever  patients  which  is  evidently  the  same  as  the  one  described  by  us  I 
and  has  shown  that  this  organism  ]iroduces  in  monkevs  a  condition  closelv  re-j 
sembling  scarlet  fever.  I 

We  have  show'n  that  a  preparation  made  from  these  cultures  by  a  method! 
similar  to  the  preparation  of  typhoidin  from  the  typhoid  bacillus  gives  a  higher 
percentage  of  reactions  in  scarlet  fever  convalescents  than  is  the  case  in  otherj 
infectious  diseases,  while  tyi)hoidin  gives  slightly  more  positive  reaction  in  other' 
infectious  diseases  than  it  does  following  scarlet  fever.  < 

The  probability  of  a  positive  reaction  w'ith  scarlatin,  as  we  call  this  prepara- 
tion, increases  with  the  duration  of  disease  and  in  people  with  no  history  ni 
scarlet  fever  increases  with  age  of  the  individual  tested. 

We  do  not  hold  that  we  have  proved  that  this  organism  is  the  etiologic  fac 
tor  in  scarlet  fever,  but  w^e  do  believe  that  we  have  presented  sufficient  evidenc 
to  give  this  organism  serious  consideration  as  a  possible  and  probable  cause  oi 
the  disease.  ' 

To  better  summarize  our  work.  Table  X  shows  our  results  with  the  flit 
ferent  preparations  in  scarlet  fever  patients,  in  people  with  a  past  history  n 
scarlet  fever  and  in  people  with  no  history  of  scarlet  fever  infection. 

Table  X 


No. 

pos. 

? 

ne-2;. 

%  pos. 

%? 

7r  nej 

Scarlet    fever 

125 

71 

20 

34 

56.7 

16 

27.3 

No  scarlet  fever 

115 

19 

14 

82 

16.5 

12.3 

71.2 

The  writers  desire  to  express  their  ai)preciation   to  Dr.  A.   Lange   for  h' 
assistance  in  portions  of  this  work. 
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ADAPTATIONS  OF  RENAL  FUNCTION  TESTS  FOR  GENERAL  USE 


Bv  Capt.  \\'arri-x  T.  Vaughax,  M.R.C,  U.  S.  Army* 

READERS  of  the  current  medical  literature  are  receiving  nowadays  a  vast 
accumulation  of  useful  information  concerning  the  more  recent,  so-called 
"tests  of  renal  function."  The  technic  of  the  various  procedures  has  been 
pretty  well  perfected  and  the  men  who  are  especially  interested  in  the  study  of 
'the  nephritis  problem  are  now  busy  accumulating  data  concerning  the  reactions 
|of  these  tests  in  the  various  t}pes  of  nephritis  and  in  other  diseases.  There  is 
'therefore  today  an  abundant  supjily  of  information  upon  which  we  mav  rely  in 
the  interpretation  of  our  results ;  and  the  conclusions  drawn  concerning  the 
functional  efficienc}'  of  an  individual's  kidneys  are  no  longer  hypothetical  but 
may  be  based  upon  knowledge  of  scientific  facts. 

In  most  modern  hospitals  the  "kidney  tests"  are  performed  on  all  cases  in 
a'hich  the  renal  function  is  in  question  and  some  hospitals  have  gone  so  far  as 
o  make  some  of  them,  especially  the  "phthalein  test,"  practicalh'  routine  on 
ill  cases.  A  patient  who  enters  a  good  hospital  for  medical  observation  has 
lis  thorough  an  examination  of  his  kidneys  as  is  made  of  his  heart,  lungs  and 
{ligestive  sysiem. 

Although  the  examination  of  a  medical  case  for  renal  function  is  usually 
nore  satisfactorily  conducted  in  a  hospital,  modifications  of  the  newer  methods 
nay  be  easily  adapted  to  an  office  ])ractice.  Alert  jn-acticing  ])hvsicians  have 
irobably  read  most  of  the  literature  concerning  the  technic  to  be  followed  in  hos- 
ilal  examinations,  but  they  hesitate  to  modify  it  for  ofiice  or  home  use  because 
hey  are  in  no  position  to  know  how  much  the  changes  instituted  are  going  to 
itiate  the  results.  The  simplifications  presented  here  are  the  result  of  an  expe- 
ience  with  the  various  tests  as  modified  in  the  out-patient  department  of  a  large 
ospital. 

For  the  sake  of  completeness  certain  rather  clemcntarx-  jjoints  will  also  l)e 
nphasized. 

A  realh'  tliorougli  examination  of  renal  function  presupposes  in  the  first 
lace  a  com])l('te  and  thorough  jihysical  examination,  including  especially  ex- 
nination  of  the  cardiovascular  system,  the  throat  and  tonsils,  the  th\roi(l  gland 
id  the  blood.  In  both  hyper-and  hypo-thyroidism,  in  primary  or  i)crnicious 
lemia  and  secondars-  anemias,  as  well  as  in  certain  other  conditions,  there  is  a 
monstrable  change  in  renal  function,  and  it  is  important  to  recogni/i-  those 
)nditions  if  ])resent  since  thev  form  a  direct  eliolog\  lor  the  kidney  damage, 
iiprovement  in  the  condition  of  the  kidneys  will  follow  successful  tre.ilment 
the  othei"  condition  present.  The  fri'(|uenl  occuncnce  of  chronic  tonsillitis  and 
her  focal  intections  concomitant  with  chronic  nephrilis  strongK  suggests 
I  mtecting  agent  as  a  cause  of  renal  damage,  wliili'  niiiitisidpic  examination 
such   kidneys    fre(|uentl\    (leinonstrates   the   remains  of    mela>-lalic    foci    in    tlu- 

*llast    nns|,ilal,    C'aiiip    Sevier,    ('.reenville.    Sonlll    C,iioliii;i. 
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organs  themselves.  All  sources  of  local  infection  should  therefore  be  sought 
out  in  the  preliminary  physical  examination  of  a  nephritis  suspect.  In  the 
cardiovascular  system  there  may  be  present  left  cardiac  hypertrophy  and  a 
ringing  aortic  second  sound,  associated  with  a  hypertension.  Arteriosclerosis 
mav  accompany  this  picture  or  may  be  absent,  or  may  even  be  present  without 
hypertension.  Every  case  with  high  blood  pressure  or  arteriosclerosis,  or  both, 
should  have  careful  studies  of  his  renal  function  and  in  most  cases  there  will 
be  slight,  but  demonstrable,  impairment,  while  in  a  few  the  damage  will  be  very 
serious.  Nephritis  is  the  one  particular  disease  in  which  the  condition  fre- 
quentlv  progresses  entirely  insidiously  and  the  patient  does  not  consult  the 
phvsician  until  certain  symptoms,  indicative  of  very  severe  kidney  damage, 
finally  appear  and  treatment  will  be  of  little  or  no  avail. 

OUTLINE   EOR   A    COMPLETE   EXAMINATION    OE   RENAL    EEElClENCY,    APPLICABLE 

TO   PRIVATE   PRACTICE 

(1)  Make  a  complete  routine  physical  cxaiiiiiiatioii.  ]\Iap  out  the  heart 
borders  and  note  especially  the  distance  of  the  left  border  and  apex  impulse 
from  the  mid  line,  their  relation  to  the  nipple  line  and  in  what  interspace  the 
maximum  cardiac  impulse  lies.  Note  the  character  of  the  heart  sounds,  espe- 
cially of  the  aortic  second  sound  and  observe  the  presence  or  absence  of  any 
murmurs  at  any  of  the  valve  areas. 

The  radial  arteries  should  be  palpated  with  a  view  to  determining  the 
presence  or  absence  of  thickening  or  of  tortuosity.  By  bimanual  palpation  of ' 
one  radial  artery  the  presence  or  absence  of  any  marked  degree  of  hypertension 
may  usually  be  determined.  The  index  or  middle  finger  of  the  left  hand  i? 
used  to  exert  pressure  on  the  artery  while  the  pulse  is  noted  distal  to  the  point 
of  compression  with  the  same  fingers  of  the  right  hand.  The  compression  force 
necessary  to  cause  the  pulse  to  disappear  is  the  criterion  sought.  After  some 
experience  it  is  possible,  as  stated,  to  determine  whether  or  not  hypertension 
be  present,  but  on  the  other  hand,  it  is  an  extremely  hazardous  undertaking  to 
try  to  estimate  the  degree  of  hypertension.  The  brachial  and  temporal  arteries 
should  also  be  examined  for  beading,  tortuosity  and  thickening. 

(2)  Take  the  blood  pressure,  including  both  the  systolic  and  diastolic  ]n-Q^ 
sures.     In  a  very  rough  way  the  systolic  pressure  is  an  indication  of  the  heart 
power  and  the  diastolic  indicates  the   condition  of  the  vessels — of  the  periph- 
eral    resistance.     Thus,     in     aortic     insufficiency     and     hyperthyroidism,     there 
frequently   occur   rather  high   systolic   pressures   with   low   or   normal    diastolii. 
pressures.     The  high  diastolic  pressure  is,  therefore,  frequently  a  better  indica 
tor  of  vascular  or  renal  hypertension  than  is  the  systolic.     A  diastolic  pressun 
persistently  above   100  mm.   Hg  is  pathologic,   while  one  between  90  and   Id 
mm.   Hg  should  arouse   suspicion   and   is   an   indication   for   repeated   exaniina 
tions.     As  a  rule  a  high  diastolic  pressure  has  associated  with  it  an  increasei 
systolic  pressure.     A  persistent   systolic   pressure  of    160  mm.   Hg  in   a  youn; 
adult  is  undoubtedly  abnormal.     It  is  usually  indicative  of  chronic  nephritis  am 
in  the  U.  S.  Army  it  is  sufficient  to  disqualify  for  active  service.     It  is  highl 
essential   to  watch   for  abnormal  variations   in  the  blood  pressure  on   dift'eren 
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occasions,  particularly  an  increase  of  systolic  pressure  after  exercise  and  excite- 
ment. It  has  been  said  that  the  normal  average  systolic  rise  after  running  fifty 
steps  is  24  mm.,  the  diastolic  rise  is  about  half  as  much  or  12  mm.  The  lifting 
of  a  20-pound  dumb  bell  six  feet  thirty  times  in  sixty  seconds  will  normally 
cause  the  systolic  pressure  to  increase  about  20  mm.  Hg. 

(3)    Ophthalmoscopic   cxaiiiiiiatioii   of  the   fundi  of  both  eves   will   give  at 

once  knowledge  of  the  condition  of  the  blood  vessels,  especially  those  of  the 

nervous  system.     In  the  retina  arteries  and  veins  may  be  observed  uncovered  by 

any  overlying  tissue.     They  may  be  straight  or  tortuous,  lined  with  the  peri- 

i  vascular  streaking  of  sclerosis  or  obliterated.     There  may  be  the  flame-shaped 

I  retinal  hemorrhages  and  the  exudations  so  characteristic  of  advanced  chronic 

j  nephritis. 

j  (4)   Examination   of  a   single   fresh    specimen   of    urine   should   be   made. 

This  will  include  description  of  color,  turbidity,  reaction,  specific  gravity  and 
I  the  presence  or  absence  of  albumen  and  sugar.  It  frequently  happens  in 
cases  of  chronic  nephritis  especially  of  the  so-called  chronic  interstitial  nephri- 
tis, that  albumen  is  absent  from  the  urine  while  casts  are  present  in  greater 
or  less  numbers.  For  this  reason  it  is  essential  that  examination  of  the  sedi- 
ment after  centrifugalization  be  made  as  a  routine.  Even  where  a  renal  damage  is 
not  suspected  microscopic  examination  of  the  urine  is  indicated  in  patients 
giving  a  history  of  polyuria,  especially  of  nocturia  or  showing  signs  of  arterio- 
sclerosis or  hy])ertension  and,  again,  when  the  urine  examination  shows  a  low 
specific  gravit}'  or  the  presence  of  sugar  or  albumen.  Cases  of  nephritis  in 
which  albumen  is  i)resent  in  fairly  large  quantities  and  which  show  an  essen- 
tially negative  sediment  are  in  a  fairly  high  percentage  of  histories  associated 
with  syi)hilis,  and  wlien  such  findings  are  noted  a  Wassermann  reaction  is 
indicated. 

(5)   Mosciithal's  special   tivo-hoiir   renal   test   will   be   the   first    >i)eoial    test 
to  be  described  because  it  is  that  test  which  shows  the  earliest   and  slightest 
iegree  of  kidney  damage  in  chronic  nephritis.     This  test  will  show  positive  re- 
sults  at   a    time    when   the   phenolsulphonephthalein    test   and   the   Ambard    test 
A-ill  still  be  essentially  negative.    The  performance  of  this  test  is  indicated  under 
he  same  conditions  as  noted   for  the  examination   of   urinary   sediment   in   the 
ast  paragraph.     The   finding  of   casts   in   the  urine   is   also  a   direct   indication 
or  the  test.     The  complete   test  consists,   briefly,   in   placing   the   patient    on   a 
pecial  diet  in  which  the  intake  of  salt,  protein  and  water  is  known   and   con- 
rolled.     Urine  is  collectecl  in  separate  containers,  at  two-hour  intcr\al:-  tlirougli- 
)Ut  the  (lay,  the  night  output   (9  p.m.  to  7  a.m.)    being  collected  as  one  s])eci- 
iien.     Tlie  s])ecimens  which  altogether  would  make  one  24-h()ur  collection  are 
low  examined   separately  as  regards  volume,   specific   gra\ity,   saU   content    and 
utal  nitrogen  content.     As  a   rule  the  patient  has  been  kept   on  a   >tan<lar(l  diet 
or  two  or  three  davs  i)receding  the  day  of  the  test.      In  tliis  way   the  salt   and 
rotein   intake  arc   known   to   h:\\v   been    normal    pre\ioU'-I\    and    [hew   has   been 
o  shortage  or   too   great    abundance   of   either  one.   eitlier   of    which    con(hlions 
^Quld  tend  to  alter  the  results  of  the  \v>[. 

In  early  chronic  nephritis  the  kidney   loses   the   abihty   to   contcntr.ite   ex- 
relcd   substances.      As   a   conse(|uence   one   i>\    the    cailiesl    urinary    hndings    in 
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chronic  nephritis  is  an  increase  in  the  fluid  output  with  lowered  specific  gravity 
due  to  the  lessened  concentration  of  the  solids.  The  subjective  symptoms  at 
this  time  are  those  of  polyuria  and  nocturia.  Whereas  a  normal  kidney  can! 
rapidly  relieve  the  blood  of  too  great  a  concentration  of  solids,  such  as  a  highi 
sodium  chloride  content,  following  a  meal  containing  an  excess  of  salt,  by 
excreting  it  in  high  concentration,  the  damaged  kidney  has  lost  that  power 
When  in  the  noon  meal  of  the  test  diet  an  excess  of  salt  is  added  (up  to  6 
gm.),  the  normal  kidney  responds  as  evidenced  in  the  examination  of  the  next 
one  or  two  two-hour  urine  collections  by  secreting  a  urine  of  high  salt  content] 
and  high  specific  gravity.  Long  before  the  next  meal  the  urine  is  back  at  itd 
normal  concentration  and  there  remains  no  evidence  of  the  excess  burden  thatf 
was  recently  put  on  it.  The  damaged  kidney  must  take  a  much  longer  time 
to  rid  the  body  of  the  surplus  and  the  resulting  urinary  picture  shows  onh 
slight  increase  of  sodium  chloride  concentration  and  of  specific  gravity,  but  e 
prolonged  increase  of  urinary  volume  which  may  last  even  over  the  period  of 
the  next  meal. 

The  normal  kidney  at  night  is  able  to  concentrate  the  urine  to  such  ar 
extent  that  the  amount  voided  after  eight  or  more  hours  in  bed  is  about  th( 
same  \-olume  as  that  voided  at  any  one  time  during  the  day.  The  damagec 
Icidney  on  the  contrary  excretes  at  night  increased  volume  of  a  lower  specifif 
gravity.      This   accounts    for  the  nocturia. 

First  in  point  of  time,  then,  there  develops  fixation  of  voKuiie  and  o 
specific  gravity  with  increase  in  the  night  volume,  next  fixation  of  salt  excrei 
tion  with  approximately  the  same  amount  excreted  in  every  two-hour  periodj 
and  still  later,  fixation  of  total  nitrogen  excretion.  The  kidneys  retain  thei| 
ability  to  concentrate  nitrogenous  excretory  products  longer  than  they  do  th 
capability  of  concentrating  sodium  chloride.  As  the  renal  damage  progressei 
the  kidneys  come  to  behave  less  and  less  like  a  functionating  glandular  orgaj 
and  more  and  more  like  a  mechanical  filter.  i 

The  two-hour  renal  test  as  adapted  to  use  in  private  practice  may  1 
outlined  as  follows : 

(A)  Direct  the  patient  to  eat  on  the  two  days  preceding  the  collection  ' 
the  urine  as  well  as  the  day  of  the  test  ordinary  meals  such  as  are  served  i 
the  average  American  household. 

(B)  On  the  day  of  the  meal  he  is  to  take  an  excess  of  salt  at  the  nm 
meal.     He  should  distribute  a  level  teaspoonful  in  his  food  in  whatever  maij 
ner  his  tastes  may  dictate. 

(C)  The  patient's  fluid  intake  should  be  that  to  which  he  has  been  a 
customed  in  his  daily  life   fairly  evenly  distributed  over  the  day. 

(D)  At  7  A.  M.  of  the  day  of  the  test  he  should  void  and  discard  the  urir 
Then  every  two  hours,  beginning  at  9  o'clock,  he  should  void  and  the  indivi 
ual  collections  should  be  kept  separately  in  a  cool  place.  The  collection  fn 
9  p.  M.  until  7  A.  M.  should  be  made  in  one  container.  As  far  as  the  patient 
concerned  his  part  of  the  experiment  is  completed  when  he  has  voided  at 
A.  M.  into  the  night  specimen. 

(E)  After  all  of   the   specimens  have  been   collected  volume  and  speci 
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gravity   of    each    should   be   noted.      Determination    of    sah    content    and    total 

nitrogen  content  require  considerable  special  apparatus.     Since  variations  from 

the  normal  in  the  manner  of  their  excretion  occur  only  after  fixation  of  volume 

and  of  specific  gravity  has  taken  place,  determination  of  the  condition  of  the 

two  latter  is  entirely  sufficient  for  diagnostic  purposes.     Normallv  the   specific 

gravity   should   at    times    be   above    1018,    particularly   after   meals,      ^^'ith    the 

specific   gravity    constantly   below    1018   there    is    present    "fixation    of    specific 

gravity."     There   should  be   some   definite  variation  of   urinary  volume   among 

I  the  two-hour   specimens.      The   night   specimen    (including  both   the   collections 

jof  9  P.  M.  and  7  a.  m.)   should  not  measure  over  400  c.c.  volume.     Its  specific 

jgravity  should  be   1018  or  above. 

I  (6)   Phciiolsiilphoncphthaleiii    Test. — The  technic  of  this  test  as  originally 

jdescribed  is  capable  of  considerable  simplification  without  disqualifying  altera- 
;tion  of  the  end  result.  Two  hours  are  required  for  the  completion  of  the  test. 
{The  apparatus  necessary  consists  of  one  hypodermic  syringe,  a  needle  for 
■intramuscular  injection,  ten  or  twelve  tubes  of  practically  constant  diameter, 
la  1000  c.c.  graduate,  40  per  cent  sodium  hydroxide  solution  and  the  reagent 
iphenolsulphonephthalein.  This  reagent  may  be  obtained  from  several  manu- 
ifacturers  put  up  in  sterile  1  c.c.  ampules.  The  contents  of  one  ampule  is  to 
be  injected. 

,  The  patient  is  directed  to  void.  This  urine  is  saved.  One  c.c.  of  the  dye 
JDhenolsulphonephthalein  is  injected  intramuscularly  either  into  the  deltoid 
jnuscle  (care  being  taken  not  to  injure  the  periosteum  of  the  humerus)  or 
nto  the  gluteal  muscles.  The  patient  now  drinks  200  c.c.  (one  glass  full)  of 
vater.  At  the  end  of  one  hour  he  is  to  drink  200  c.c.  more  water  and  two  hours 
rem  the  time  that  the  injection  was  made  the  patient  again  voids.  This  second 
irine  specimen  is  to  be  examined  to  determine  what  per  cent  of  the  "phthalein" 
las  been  excreted  during  the  period.  Xormally  about  60  per  cent  should  be 
)resent  in  the  urine.  A  return  of.  40  per  cent  or  less  indicates  a  moderately 
idvanced  nephritis.  The  severit}-  of  the  disease  is  greater  as  the  amount  of 
lye  returned  is  less  and  less.  An  excretion  of  less  than  10  per  cent  in  the  iwo- 
lour  interval  indicates  severe  renal  damage  and  calls  for  a  guarded  prognosis. 
Jsually  at  this  stage  it  is  a  question  of  months  or  less,  although  exceptional 
a.ses,  under  careful  treatment,  have  been  known  to  live  six  or  eight  months 
nth  kidneys  so  diseased  as  to  excrete  practically  none  of  the  "])luliaK'in"  in 
he  period. 

In  one  condition  other  than  nf]>ln-ilis  tlic  cxcre-tionof  i>henolsulp]ioiU'phlha- 
'in  may  be  reduced,  nameh-,  in  chronic  passive  congestion  of  the  kidneys 
Lich  as  develops  in  cardiac  decompensation.  1  h-re  the  appearance  of  ihe  dye 
1  the  urine  may  be  delayed  and  unless  this  factor  is  taken  into  account  the 
ecrease  in  total  two-hour  f)Utput  may  be  exaggerated. 

An   excretion    of    large    amounts    of    the   (l\e    (St)    i>er    cent    in    two    hours) 

idicates  a  h}])er])ermeal)le  or  better,  hyperirritahle,  condition  and  is  sonu-times 

>und  in  acute  nei)hritis  and  in  the  early  stages  of  chronic  ni'phritis   following 

'   acute  form.     As  chronic  nejihritis  ])rogresses  the  curve  of  "iihthalein"  excre- 

pn  tn-st   rises  and    then    falls   and   at   one   stage  during   the    fall    reaches   oO   per 
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cent  excretion.  If  one  should  happen  to  d(^  the  test  only  at  this  stage  of  the 
disease  he  would  erroneously  conclude  that  the  renal  function  was  normal.  It 
is  here  that  the  two-hour  renal  test  would  provide  the  needed  additional  infor- 
mation. Not  every  case  of  acute  nephritis  is  accompanied  by  this  hypersecre- 
tion of  dve.  In  some  cases  the  excretion  is  very  low  and  will  be  found  to 
improve  along  with  improvement  in  the  disease  itself.  An  excretion  as  high 
as  80  per  cent  in  two  hours  will  occur  occasionally  in  normal  individuals. 

To  determine  the  per  cent  of  dye  excreted  the  urine  voided  at  the  end  of 
the  two-hour  period  is  placed  in  a  1000  c.c.  graduate  and  measured.  There 
should  be  present  not  less  than  50  c.c.  If  there  is  less  than  this  amount  the 
results  are  untrustworthy  since  the  subnormal  excretion  of  water  usually  has 
an  accompanying  reduced  excretion  of  the  dye.  The  urine  is  next  rendered 
strongly  alkaline  with  concentrated  sodium  hydroxide  solution.  The  white 
solution,  or  solution  B,  used  in  the  determination  of  Fehling's  test,  may  be 
substituted  for  the  sodium  hydroxide.  Five  or  ten  c.c.  of  the  alkali  are  usually 
sufficient.  It  may  be  added  until  the  resulting  redness  of  the  fluid  ceases  to 
increase  in  intensity.  The  urine  is  now  diluted  with  water  up  to  1000  c.c.  and 
thoroughly  mixed.  A  specimen  of  this  diluted  urine  is  now  taken  and  com- 
pared against  a  standard  specimen  in  a  graduated  colorimeter  and  the  reading 
directly  obtained  in  per  cent  of  dye.  The  colorimeters  used  are  expensive  and 
since  the  war  began  difficult  to  obtain.  They  are  not  essential.  A  satisfactory 
colorimeter  consists  of  test  tubes  containing  10  per  cent,  20  per  cent,  30  per 
cent,  etc.,  up  to  90  per  cent  concentration  of  the  dye.  These  are  set  up  in  a 
rack  with  just  enough  space  between  them  for  the  insertion  of  a  similar  test 
tube  containing  the  diluted  alkaline  urine.  The  color  of  this  fluid  is  matched 
against  the  fluids  in  the  series  of  tubes  and  it  is  not  difficult  to  determine  be- 
tween which  two  tubes  the  urine  tube  should  be  placed.  This  colorimeter  is 
accurate  to  within  5  per  cent.  For  example,  if  the  urine  contains  between  40 
per  cent  and  50  per  cent  of  the  dye  45  per  cent  will  be  accurate  within  this 
limit.  The  colorimeter  should  be  made  up  fresh  at  frequent  intervals  and  read 
ings  are  more  easily  made  if  the  patient's  own  urine  is  used  in  the  standard. 
This  will  insure  there  being  about  the  same  admixture  of  amber  hue  in  both  the 
standard  and  the  urine  to  be  tested,  and  it  is  for  this  reason  that  the  urine 
passed  at  the  beginning  of  the  test  is  saved.  To  this  urine  when  put  in  the  liter, 
graduate  add  exactly  1  c.c.  of  phenolsulphonephthalein,  add  alkali  and  make 
up  to  one  liter.  In  the  first  tube  put  1  c.c.  of  the  diluted  fluid  and  add  9  c.c 
of  water.  This  is  the  10  per  cent  standard.  Into  the  second  pour  2  c.c.  of  the 
fluid  and  8  c.c.  of  water,  making  the  20  per  cent  standard.  Continue  this  upi 
to  the  90  per  cent  standard.  Upon  prolonged  exposure  to  light  the  dye  be-| 
comes  less  intense  so  for  this  reason  it  should  be  kept  in  the  dark  and  the  stand-' 
ard  should  be  made  fresh  every  time. 

(7)  Ambard  Test,  McLean's  Index  of  Urea  Excretion  and  Blood  Urea 
Nitrogen  Content. — The  determination  of  these  points  requires  both  consider- 
able experience  and  expensive  apparatus.  Here  the  amounts  of  urea  nitrogei 
in  the  circulating  blood  and  in  the  urine  are  determined,  and  at  the  same  tini< 
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le  rapidity  and  effectiveness  of  its  excretion  from  the  blood  into  the  urine  is 
^pressed  in  terms  of  a  coefficient  or  index  of  urea  excretion.  This  corresponds 
.lite  accurately  in  nearly  all  cases  to  the  per  cent  of  phenolsulphonephthalein 
ccretion.  The  latter  is  a  much  simpler  test,  has  fewer  sources  of  possible  error 
id  gives  as  much  information.  The  particular  advantage  of  the  former  is 
at  we  are  determining  the  excretion  of  the  actual  substance  in  which  we  are 
terested,  urea  nitrogen,  whereas  in  the  other  case  we  but  determine  the  excre- 
3n  of  an  inert  dye  and  conclude  that  the  excretion  of  urea  and  other  waste 
•oducts  proceeds  in  a  similar  manner.  The  determination  of  blood  urea  nitro- 
n  is  important  in  cases  of  nephritis  with  impending  uremia  and  should  be 
ade  when  possible  but  it  is  too  technical  and  complicated  to  be  successfully 
complished  by  any  other  than  the  trained  laboratory  man. 

(8)   Therapeutic   Test. — One  additional  test   should  be   described  as  being 

value  in  enabling  the  physician  to  distinguish  between  the  edema  of  acute 

iphritis  and  generalized  edema  of  other  origin.     It  occasionally  happens  that 

e  is  uncertain  whether  the  anasarca  in  a  certain  case  is  the  result  of  acute 

liphritis  or  cardiac  decompensation  from  chronic  myocarditis  or  other  cardiac 

rangement,  or  whether  the  patient  presents  a  combination  of  both  diseases. 

(ises  of  mediastinal  tumor  or  even  of  cirrhosis  of  the  liver  will  on  rare  occa- 

)ns  present  a  distribution  of  the  edema   much   more   suggestive  of   nephritis 

tin  of  the  actual  disease  present. 

These  patients  are  bedridden  and  will  presumably  have  been  placed  on  a 

V  salt  diet  with  very  limited  fluid  intake.     A  very  satisfactory  diet  to  rid  a 

Itient  of  general  edema  is  the  Karrell  diet  which  consists  of  800  c.c.  of  milk 

ring  the  twenty-four  hours,   given   in   four   portions   at    four  hour   inter\als. 

e  patient  receives  no  other  food  or  liquid.     If  while  the  patient  is  on  this 

t  he  does  not  rapidly  excrete  the  excess  water  in  his  tissues,  the  question  as 

whether  or  not  this  failure  can  be-  due  to  the  presence  of  an  acute  nephritis 

y  be  settled  by  the  administration  of  divided  doses  of  theocine.     This  drug 

ich  like  caffeine  appears  to  act  directly  on  the  kidney  as  a  powerful  diuretic 

1  as  a  rule  cause  a  ]jrofuse  diuresis  in  all  the  above  diseases  with  the  excep- 

t  II  of  acute  nephritis  and  in  this  latter  condition  the  fluid  excretion  may  even 

'rease.     Stimulation  of  the  damaged  renal  ]>arench}-ma  does  not  improve  the 

ney    function.      As    a    C()rollar\-    it    should    be    inserlcd    ihal    diuretics    in    the 

itine  treatment  of  acute  nepliritis  should  be  discredited.     I->efore  the  drug  is 

aninistered  the  patient  sIkuiUI  have  been   resting  in  bed  and  have  been  on  a 

fluid  intake  such  as  the  Karrell  diet  for  at  least   four  or  li\e  daxs  in  order 

t  an  e(|uilibrium  of  intake  and  output  may  have  been  established. 

Christian   recommends   tlie   gi\iiig  of   approNinialcly    li\e   grain   doses    tlirt-e 

es  in  one  dav  at  '>  a.   m.,   10  a.   m.,  aud  1  v.   M.     'i'lic  resulting  diuresis  uiay 

cjer  a  jieriod   of   two   da\s  or  morr.      Tlic   drug   should    uot    \)v   rcpcalt-d    lor 

eral  days.     There  often  api)ears  to  bi'  a   tendency  towards  slight  depression 

the  excretory  function   for  a  day  or  two   following  this  diuresis.     Theocine, 

ti  :)cine  sodium  benzoate  or  the  newer  preiiaiation,   theoiihylliu,   nia\    be   used 

irthe  performance  of  this  test. 
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DISCUSSION 


By  the  use  of  the  above  described  procedures  one  is  now  able  to  not  onh 
make  the  positive  diagnosis  of  nephritis  but  also  to  ascertain  to  what  stage  th(! 
disease  process  has  advanced. 

The  theocine  test  is  of  importance  in  acute  nephritis.  At  this  time  sal 
excretion  is  greatly  reduced.  The  phenolsulphonephthalein  test  may  show  ;| 
lowered  excretion  or  an  increased  excretion  through  the  hyperirritable  rena 
cells.  As  the  condition  becomes  chronic  the  "phthalein"  excretion  tends  t( 
fall  as  does  the  McLean  index  of  urea  excretion  and  there  develops  a  fixatioi 
of  volume  and  of  specific  gravity,  followed  by  fixation  of  salt  and  total  nitrogei 
excretion. 

In  the  more  marked  stages  of  chronic  nephritis  we  have  the  familiar  pic 
ture  with  hypertension,  arteriosclerosis  and  cardiac  hypertrophy.  The  termin 
stages  bordering  on  uremia  are  evidenced  by  a  "phthalein"  excretion  below  1 
per  cent,  frequently  albuminuric  retinitis  and  a  markedly  increased  blood  totj 
nonprotein  nitrogen  content.  Whereas  the  normal  is  under  30  mg.  per  100  c.c 
of  blood,  in  impending  uremia  it  may  rise  to  60  or  100  mg.  or  higher. 

The  following  table  from  Mosenthal  and  Lewis  illustrates  well  the  labor4 
tory  findings  that  are  to  be  expected  at  the  various  stages  of  nephritis : 


DEGREE   OF 

IMPAIRMENT 

OE    RENAL 

FUNCTION 


PHENOLSUL- 
PHONEPH- 
THALEIN 
PER  CENT 


NONPRO- 
TEIN No 
OF  BLOOD 
MG.  PER 
100  C.C. 


UREA    N. 
OF  THE 
BLOOD 
MG.   PER 
100   CC. 


TEST    MEAL    FOR   RENAL    FUNCTION 


NIGHT 
URINE 


C.C. 


VARIATIONS    IN    SP.   GR. 
WHEN    HIGHEST   IS 


18 


17-15  14-13      12 


Normal   0 
Slight  + 
Moderate  ++ 
Marked   +++ 
Maxima! 


60  + 
59-40 
39  -  25 
24-11 
10-0 


30- 
31-45 
46-65 
66-90 
91  + 


15- 
16-27 
28-44 
45-64 

65  + 


400- 
401-600 
601  + 


18-1- 
16- 

15- 


17 


9- 
8-5 
4- 
3- 


6  + 
5-4 
5-4 
3- 


6  + 
6  + 

5- 


6- 


Hypertension  and  arteriosclerosis  do  not  invariably  accompany  chronic  nephi 
tis.  Any  one  of  these  conditions  or  any  combination  of  two  of  them  may  1 
found  in  one  patient.  High  blood  pressure,  unaccompanied  by  marked  nephritii 
so-called  "essential  hypertension,"  usually  shows  moderate  renal  damage  ., 
indicated  by  positive  findings  in  the  two-hour  renal  test.  The  other  special  te- 
may  remain  essentially  negative.  In  time  there  is  a  decrease  in  renal  efticicin 
but  death  is  more  liable  to  be  from  apoplectic  phenomena  than  from  uremia. 

The  classification  of  nephritis  by  the  above  described  laboratory  methods 
functional  rather  than  anatomical.     No  mention  has  been  made  of  chronic  intej 
stitial  nephritis  as   contrasted  with   the   chronic   parenchymatous   variety.     V^ 
are  not  so  much  interested  in  whether  it  is  the  glomeruli  or  the  tubules  that  a 
damaged  as  we  are  in  whether  the  kidneys  may  satisfactorily  care  for  the  b<H 
waste.     Recent  investigations  have  shown  that  if  one  contents  himself  with  i 
finding  of  "chronic  nephritis"  he  will  be  correct  far  oftener  than  if  he  endean 
to  elaborate  upon  this  diagnosis.     At  a  time  when  pathologists  are  still  disptl 
ing  among  themselves  concerning  the  character  of  renal  lesions  found  at  autop.'| 
it  is  well  for  the  internist  not  to  endeavor  from  examination  of  the  living  subjo 
to  describe  the  location  of  the  lesion  in  the  kidnevs  themselves. 


THREE  CASES  OF  PARIETAL  AORTIC  THROMBOSIS^ 


By  Paui.  G.  W'oollKy,  M.D.,  Cincinnati,  Ohio. 


THE  following  cases  are  of  interest  because  the  symptoms  were  associated 
with,  and  perhaps  largely  the  results  of,  partial,  i.  e.,. incomplete  aortic  throm- 
fosis.     Two  were  patients  on  the  neurologic  service ;  one  was  on  the  medical 
ervice.     All  were  evidently  luetic.     In  one,  the  central  nervous  symptoms  were 
licute ;  in  the  others,  chronic.     One  patient  was  an  old  man.     Two  were  voung. 

CASE    I 

G.  B.,  Hospital  No.  B-1578,  a  white  man  aged  35,  was  admitted  to  the  Cincinnati  Gen- 
ral  Hospital  on  March  2,  1917,  in  a  somewhat  maniacal  condition.  He  would  not  respond 
T  questions  and  talked  irrelevantly  and  foolishly.  The  foUow'ng  history  v.as  obtained 
rem  his  physician : 

An  uncle  of  the  patient  had  had  an  acute  maniacal  attack,  similar  to  that  of  this 
ephew,  at  the  age  of  40.  During  this  attack  he  was  sent  to  an  asylum  where  he  died 
iter.  A  daughter  of  this  uncle — a  cousin  of  the  patient — also  developed  acute  mania,  at  the 
-■^e  of  35,  and  was  committed  to  an  asylum  where  she  now  is.  A  father  of  this  uncle  was 
No  confined  in  an  asylum.  The  history  of  his  condition  is  not  known.  For  at  least  two 
1  eks  prior  to  the  present  outbreak,  the  patient  had  been  apparently  perfectly  normal 
■  ntally.  At  the  time  of  the  attack,  which  took  place  in  a  store,  the  patient's  pupils  were 
A  fixed,  and  so  far  as  the  doctor  knows  they  have  never  been  fixed  before. 

The  following  history  was  obtained  from  a  friend :  On  Tuesday,  Feb.  28,  1917,  the 
itient  was  working  as  usual  in  a  grocery  store  when  suddenly,  it  was  noticed,  he  could 
t  speak.  He  stepped  away  from  the  counter  in  a  dazed  way  and  proceeded  to  leave  the 
ore.  His  employer  called  to  him  but  he  continued  his  course.  The  employer  then  ran 
ter  him  and  with  great  difficulty  brought  him  back  fighting  and  incoherently  mumbling, 
pen  reaching  the  store  the  patient  had  four  convulsions  in  rapid  succession.  These  began 
both  arms,  and  involved  the  entire  body.  The  mouth  opened  and  closed.  The  tongue 
Duld  have  been  bitten  if  a  piece  of  wood  had  not  been  inserted  between  the  teeth.  There 
as  no  cry.  The  convulsions  seemed  to  'be  bilateral.  Each  convulsion  lasted  from  1  to  2 
nutes,  and  after  they  had  disappeared  the  patient  remained  stuporous  for  some  time, 
n  Wednesdav  the  condition  seemed  to  be  unchanged.  On  Thursday  he  began  to  talk  at 
ndom,  foolishly  and  incoherently.  On  Friday  he  was  brought  to  the  hospital.  The 
tient  has  been  married  a  j-ear.  His  wife  is  five  months  pregnant.  He  is  not  a  drinker. 
1  uncle  thinks  that  he  uses  no  alcohol. 

Present  State.— The  patient  is  a  poorly  nourished,   poorly  developed   white  man  aged 
out  35  years  who  refuses  to  cooperate  in  liis  examination.     He  can  not  be  drawn  easily 
io  conversation.     His  memory  can   not  be  estimated   for  he  refuses  to  respond   to  ques- 
ts.    When  a  question  is  put  to  him  he  grins   foolishly,   stutters  and  usually  says  some- 
ng  containing  the  letters  p  and  t,  and  the  figures  2,  1,  and  10.     The  sentences  are  abso- 
ely   meaningless.      He    seems    to    see    and    hear    normally    but    this    is    not    secure.      The 
':lit  pupil  is  slightly  larger  than  the  left.     Roth  react  slightly  to  strong  light.     The  reaction 
<  accommodation   could   not  be   determined   because   of   lack  of   cooperation.      The   patient 
•ens  his  mouth  mcsially.     He  does  not  flinch  when  the  face  is  forcibly  pricked  with  a  pin, 
icre  is  no    f.ici.il   asymmetry  and   the    facial    movements   seem   normal.      'iMierc   is   decided 
ambling    speech,    stuttering,    and    syllabic    ski|)ping.      The    pulse    i^    normal.      The    patient 
J  uses  to  protrude  the  tongue  which  lies  quietly   in   the  median  line   in   the   niontlu     There 
'evidently  sensory  disturbance   for  pain.     Tiie  patient  does  not   (linrli   when   i)ricke<I   with 
'•in.    There  is  no  corporeal  asymmetry  and  no  evident  loss  of  |io\\ir.     Tlurc  nri'  no  cou- 
tctures,  tremors  or   spasms.      Tlic   kuw   jerks,   arm   jerks,   and   i>erioslcaI    rclU-xes   are   ex- 

•From    the    Mary    M.     ICnicry    Di-parlim-nt    of    TritlioloKy    "f    tin-    rnivcisily    of    C"iiiriiiiiali.    and    the 
Hologic   Institute  of  the   Cincinnati   General    Hospital. 
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aogerated.     The  abdominal  and  cremasteric  reflexes  are  absent.     There  is  no  clonus,  and  n 
BabinsW.     The  gait  is  normal. 

During  the  night  of  March  4th,  the  patient  became  very  noisy.  No  tremor  developecj 
The  temperature  rose  suddenly  to  103°  and  the  pulse  to  112.  The  patient  was  forciblj 
restrained  and  fought  all  day  long  at  the  shackles  and  restraining  sheet.  At  four  o'cloc 
P.M.,  he  was  given  Hogan's  solution  intravenously.  This  quieted  him  for  about  2  hour 
He  then  became  violent  again.  On  the  following  day  the  temperature  was  104,  the  pulsj 
116.  All  day  he  was  wildly  delirious  and  fighting  his  restraint.  He  was  tremorous,  an! 
muttered  continually  to  himself.  The  pupils  were  wide,  equal  and  did  not  respond  t 
light.  During  the  followinej  day  the  condition  remained  the  same — noisy,  muttering,  delirini 
with  high  temperature.  There  was  no  rigidity  or  retraction  of  the  neck.  The  next  day  li 
was  pulseless  but  constantly  delirious  and  muttering.     The  pupils  remained  dilated  and  fixci 

Death  occured  at  10  a.m.,  on  March  9.  1917. 

The  urine  on  March  5th  was  milky,  yellow,  cloudy  and  acid.     It  contained  a  trace  ^ 
albumen  but  no  sugar  or  casts. 

Clinical  Diagnosis.— Acute  paresis,  acute  diffuse  nephritis. 


Fig.   1. — Case  11.   1578.      Note  the  peiluiiculated  thrombus  attached  to  the  aortic  wall. 


AUTOPSY    PROTOCOL 

The  body  was  that  of  a  fairly  well  built,  rather  slender  man  of  not  more  than  30  yc 
of  age.  There  was  a  very  slight  edema  of  the  ankles.  Rigor  mortis  was  not  presi 
Postmortem  lividity  was  faint.  Over  the  wrists  and  elbows  were  superficial  excoriatn- 
and  over  the  sacrum,  there  were  recent,  shallow,  somewhat  inflamed,  slightly  ulcer, i 
excoriations.  The  pupils  were  dilated,  the  left  slightly  more  than  the  right.  The  left  i 
extending  about  1  or  2  inches  above  the  ankle,  was  cyanotic.  The  finger  nails  were  ])■ 
Over  the  thorax  and  in  the  hypochondriac  region  on  the  left  side  were  a  number  of  i 
greenish  bruises. 

The  brain  weighed  1410  grarns,  was  markedly  congested  and  tremendously  edcniat. 
dripping  fluid.     The  dura  was  not  abnormally  adherent.     The  pia  was  thickened  and  opa^ 
particularly  over   the   frontal   aspect   of   the   brain.     There  was   a   definite   atrophy  of 
frontal  convolutions  with  flattening  and   widening  of  the   sulci.     Upon   palpation  the  I'l  ' 
seemed  to  be  more  sclerotic  than  usual.     This  was  more  apparent  on  the  right  side.      ^' 
vessels  were  not  sclerotic.     The  brain  was  preserved  in   formalin  for  further  study.     Tn 
spinal  dural  canal  there  was  a  considerable  increase  of  perfectly  clear  limpid  fluid.      '' 
subcutaneous  tissues  were  well  developed.     The  muscles  were  fairly  well  developed,  darljn 
color  and  dry.     The  lower  margin  of  the  liver  was  4.5  cm.  below  the  tip  of  the  cnsif'" 
and  at  the  costal  margin  in  the  right  mammillary  line.     The  urinary  bladder  was  distcn 
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|vith  urine.  The  intestines  were  small  and  congested,  but  there  was  no  evidence  of  inflam- 
laatory  change.  The  appendix  was  in  situ.  The  omentum  was  coiled  up  along  the  trans- 
erse  colon. 

When  the  sternum  was  removed,  the  lungs  collapsed  partially.  In  the  left  pleural 
avity  was  one  small  band  of  adhesions  posteriorly  at  the  upper  part  of  the  lower  lobe, 
'he  right  lung  was  completely  free.  There  were  no  adhesions  between  the  lobes.  There 
as  a  very  small  amount  of  anthracosis.  Both  lungs  appeared,  grossly,  completely  healthy, 
n  the  left  main  bronchus  was  a  small  amount  of  thick  greenish  pus.  There  was  a  small 
mount  of  thymus  remains.  The  mesentery  was  well  supplied  with  fat  and  slightly 
dematous. 

The  right  kidney  was  soft,  pale,  succulent,  its  capsule  came  off  with  ease,  leaving  a 
srfectly  smooth  surface.  Here  and  there  upon  the  surface  were  rectangular  areas  of  pale 
jllowish  material  surrounded  by  definite  zones  of  congestion,  which  resembled  anemic  in- 
ircts.  The  cortices  in  each  kidney  were  of  less  than  normal  thickness.  The  whole  organ 
as  rather  firm,  the  friability  decreased,  the  line  of  demarkation  between  cortex  and 
edulla  rather  faint.  There  was  an  increased  amount  of  perirenal  fat  and  the  pelves  were 
?althy.     The  left  kidney  resembled  the  right. 

The  spleen  was  small  and  rather  flabby,  except  at  one  area  where  there  was  a  large 
farct,  mottled  in  character,  measuring  4  cm.  at  its  greatest  depth  and  3.5  cm.  wide. 

The  heart  was  small,  somewhat  dilated  and  flabby.  On  the  right  side  it  was  contracted, 
id  firm  on  the  left.  There  were  no  auricular  thrombi  in  the  right  auricle.  There  were  no 
ilmonary  or  tricuspid  lesions.  There  were  no  thrombi  in  the  left  auricle  or  auricular  ap- 
jndage.  The  mitral  orifice  permitted  the  passage  of  two  fingers.  The  mitral  leaflets  were 
(mewhat  edematous  but  otherwise  not  abnormal.  The  aortic  valves  were  perfectly  healthy 
parently  except  for  a  few  adhesions  at  their  points  of  connection,  but  just  1  cm.  above  the 
nction  between  the  right  and  posterior  aortic  cusps,  in  a  hyaline  hyperplastic  area  which 
emed  to  be  of  luetic  origin,  was  a  small  ulcerated  surface  covered  with  a  small  amount 
thrombus.  Lying  free  in  the  aorta  just  above  this  was  a  piece  of  thrombus  that 
;asured  2.5x1.5x1  cm.,  which  was  firm,  pale  and  evidently  cavitated.  In  the  transverse  arch 
St  external  to  the  mouth  of  the  subclavian  was  another  area  similar  in  every  respect  to 
It  above  the  aortic  valve  to  which  was  attached  a  long  pedunculated,  white,  fibrinous 
•'•ombus.  There  was  comparatively  little  change  in  the  aorta  aside  from  some  indistinct 
jckering  which  was  most  marked  in  the  transverse  arch  and  a  considerable  amount  of 
ity  degeneration   which   extended   throughout  the  aorta. 

The  left  lung  was  apparently  perfectly  healthy  except  for  one  small  patch  of  fibrosis 
:d  calcification  immediately  beneath  the  adhesions.  The  right  apex  was  scarred.  "There 
'  re  also  a  few  old  adhesions  between  the  middle  and  upper  and  low^er  lobes.  Just  at  the 
'c'-x  of  the  lower  lobe  there  were  some  patches  of  congestion  with  some  evident  consolida- 
tn  beneath  them.  On  the  pleura  there  was  no  exudate.  In  the  lower  part  of  the  lower 
1  e  there  were  several  other  similar  areas  and  posteriorly  there  were  a  few  more  that  resem- 
Id  these  upper  ones.  Over  none  of  these  was  there  any  exudate.  In  some  of  the  bronchi 
t  re  were  small  amounts  of  yellowish  mucous  purulent  material.  These  areas  of  conges- 
ts in  this  lobe  were  apparently  areas  of  inflammatory  edema.  There  was  a  larger  pos- 
tior  one  which  seemed  to  be  a  very  recent  infarct  for  in  the  vessel  supplving  it  a  thrombus 
■v|s  found. 

The  liver  was  almost  completely  healthy  externally  except  for  the  presence  of  a  few 
sular  linear  markings.  On  section,  the  organ  showed  some  patchy  fattv  chaiv.>c  and 
le  moderate  congestion.  The  gall  bladder  was  filled  with  a  brownish  thick  mucoid  bile, 
ere  were  no  calculi  present.  Except  for  some  patchy  ecchymoses  in  the  iKuui  there 
med  to  be  no  lesions  in  the  intestines. 

The  stomach  was  small  and  contained  a  small  amount  of  bilc-staiticd  fluid.     There  was 
ling  abnormal   in   the   stomach   or   duodenum.     Tlie   ivuicrcas    was    Iu'aitli\. 
Anatomic    Diagnosis. — Luetic   mesaortitis ;    aortic    nuiral    thromliosis ;    rinal,    pulmonic, 
splenic  infarcts;    chronic   diffuse    nephritis;   olisnicscent    luilnionary    tuiicrculosis ;    luuu- 
:  bronchitis;  edema  of  the  brain. 

RE.^rAKKS 

It  i.s  our  opinion  thai  the  acute  ncrxous  syinptonis  in  tliis  case  were  ininic- 
tely  due  to  numerous  .small  cerclnal  cmholi   which   icachcd   tin-  I)rain  h\-   way 
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of  the  carotids  from  the  thrombus  in  the  aorta.  At  least,  it  were  better  to  say,l 
we  feel  that  these  symptoms  may  have  been  due  to  such  a  phenomenon.  Therel 
was  no  macroscopic  evidence  of  cerebral  embolism.  How  much  influence  the! 
abnormal  mental  background  had  in  the  picture — in  the  production  of  a  suscepti-' 
bility  to  trauma — can  be  only  guessed.  There  can  be  no  doubt  about  the  back- 
ground. There  is  also  anatomic  evidence  that  the  brain  as  a  whole  was  not  a 
normal  one.  Sections  of  the  cerebral  cortex  showed  perivascular  infiltrationsi 
and  edema,  and  round-cell  infiltrations  of  the  pia, — evidences  of  paresis.  Sec-' 
tions  of  the  cord  showed  no  suggestive  changes.     (W.  E.  Kiely.) 

CASE    II 

C.  S.,  Hospital  No.  B-1043,  a  white  man  61  years  old,  was  admitted  to  the  Cincinnai 
General  Hospital  on  Feb.  12,  1917,  in  a  semiconscious  condition.  He  attempted  to  answei,' 
questions  but  was  unintelligible.     When  asked  to  protrude  the  tongue  he   responded.     Thd 


Fig.  2. — Case  I'.  1043.  The  aortic  arch  (x),  from|  the  outside  showing  the  dilated  innominate  arte 
with  its  parietal  thrombus  proiiagated  for  the  aorta,  and  to  the  right  of  this  vessel,  the  completely  block 
carotid.      The   wide    opening   above   the .  innominate   is   the   trachea. 

tongue  deviated  to  the  right.  He  was  unable  to  hold  up  the  right  arm  or  move  the  right  !<. 
He  was  able  to  move  the  left  arm  and  leg.  The  pupils  reacted  to  light,  and  the  left  pu 
seemed  smaller.  The  arm  jerks  were  about  equal,  though  possibly  the  left  was  greater.  T 
abdominal  and  cremasteric  reflexes  were  present  on  the  left;  absent  on  the  right.  The  kn 
jerk  was  diminished  on  the  right;  exaggerated  on  the  left.  There  was  no  ankle  clonus.  ( 
the  right  the  Babinski  sign  was  present ;  on  the  left  it  was  absent.  When  the  sole  of  t 
right  foot  is  tickled  the  patient  draws  the  leg  up  weakly.  The  heart  sounds  were  cle 
and  there  were  no  murmurs.     The  patient  appeared   drowsy  and  yawned   frequently. 

From  a  niece  it  was  learned  that  the  patient  had  not  been  working  for  about  3  yea 
but  has  seemed  well  until  the  time  of  the  present  attack  which  began  while  he  was  riding 
a  street  car.     A  neighbor  who  was  in  the  same  car  helped  him  off,  and  with  difficulty  i] 
him  home.     No  accurate  description  of  the  attack  was  obtained  although  it  was  determir 
that  there  were  no  convulsions. 

On  Feb.  15,  a  slight  ankle  clonus  appeared  on  the  right,  though  the  general  condition 
the  patient  remained  about  the  same. 

On  Feb.  25,  the  patient  was  slowly  sinking,  and  on  March  11,  he  died. 
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During  the  hospital  period,  the  patient's's  pulse  ran   from  88  to   134;   the  temperature 
from  97°  to  101°  ;  and  the  respirations  from  20  to  24. 
Clinical  Diagnosis. — Cerebral  hemorrhage  ;   lues. 

AUTOPSY    PROTOCOL 

;         The  body  was  that  of  a  well-built,  fairly  well-nourished  man  of  about  55  years  of  age; 

;-igor  mortis  and   lividity  were   present.     There  was   no   edema  of   the  ankles.     The   finger 

'lails  were  somewhat  cyanotic.     The  eyelids  were  glued  together  with  a  purulent  secretion. 

fhe  pupils  were  equal,  neither  dilated  nor  contracted.     Just  external  to  the  right  eye  was 

ii  focal  dermatitis  with  some  suppuration.     On  either  side  of  the  neck  beneath  the  ears, 

vere  areas  of  cutaneous  hyperplasia,  larger  on  the  left,  which  in  some  way  resembled  nevi, 

nd  were  covered  with  hair.     The  edges  were  rather  sharp,  however,  although  not  regular. 

he  skin  over  them   was  thickened ;   and,   extending   from   the   posterior   margin  on  either 

ide,  there  were  excoriated  areas  which  measured  not  over      ^   cm.  in  diameter,  in  which 

lere  were  distinct  evidences  of  inflammation.     These  smaller  patches  resembled  the  patches 

the  right  of  the  right  eye.     The  peripheral  lymph  glands  were  not  appreciably  enlarged. 

he  teeth  were  in  rather  bad  condition ;  the  gums  were  quite  pj-orrheic.     There  was   one 

iold  crown  and   several   fillings   in   the  upper  teeth.     The   subcutaneous   tissues   were   very 

j'ell   developed ;    the    muscles    were   only    fairly    well    developed   but   of   good   color.      The 

pientum  was  thickly  filled  with  fat  and  was  partly  coiled  up  above  the  transverse  colon  and 

jcmach.     The  appendix  was  present.     There  was  no  obvious  lesion  in  the  abdominal  cavity 

fccept  a  few  old  adhesions  between  the  gall  bladder  and  hepatic  flexure  of  the  colon  and 

fither  numerous  old   adhesions  about  the  spleen.     The  lower  border  of  the   liver  was   5.5 

|n.  below  the  ensiform  and  3  cm.  above  the  costal  margin  in  the  right  mammillary  line. 

The  brain  was  exceedingly  edematous  and  the  veins  were  all  deeply  congested.  The 
a  contained  so  much  fluid  that  it  appeared  gelatinous.  Externally  there  was  no  evidence 
:  any  arteriosclerosis  and  there  was  no  evidence  of  superficial  inflammation.  On  sec- 
m  of  the  brain  it  was  found  that  the  ventricles  were  slightly  dilated  and  throughout 
e  substance  of  the  brain  on  both  sides  the  smaller  vessels  were  congested.  On  the  left 
ie  it  appeared  that  almost  the  whole'  thalmic  region  and  some  of  the  surrounding  white 
after  was  generally  destroyed.  The  degenerated  softened  tissue  was  for  the  most 
rt  almost  white,  although  in  some  areas  there  was  a  tinge  of  yellow.  The  appearances 
ggested  that  there  was  a  certain  amount  of  suppuration  present. 

When  the  sternum  was  removed,  the  lungs  did  not  collapse.  In  the  left  pleural  cavity 
s  one  group  of  old  lateral  adhesions  over  the  lower  lobe  and  some  old  diaphragmatic 
es.  In  the  right  pleural  cavity  there  was  an  obliteration  of  about  half  the  cavity.  There 
s  no  increase  of  pericardial  fluid.  The  mesentery  was  very  well  supplied  with  fat.  The 
ileen  was  completely  buried  in  old  fibrous  adhesions  so  that  it  was  firmly  adherent  to  the 
;|)mach,  liver  and  diaphragm.  There  was  a  large  increase  of  perirenal  fat.  The  adrenals 
re  cavitated. 

The  right  kidney  was  small,  pale,  flal)by,  and  decidedly  edematous.    The  capsule  removed 
\:h  only  slight  difficulty  and  left  a  fairly  smooth  surface.    The  capsule,  however,  separated, 
)wing  a  very  finely  granular  surface.     At  one   place  was  a  scarred  area  that  resembled 
infarct  scar.     Tlie  capsule  was  somewhat  thin  but  gray.     The  glomeruli  were  not  visible. 
e  line  of  demarkation  between  cortex  and  medulla  was    faint.     Tiie  stellate  veins  were 
sjnewhat   injected.     The  pelvis  was  healthy.     The   left   kidney   resembled   the   riglit    in   all 
pects  except  for  the  presence  of  the  scar.     Tlic  lilood  vessels  of  the  kidney  were  some- 
■vjat  patulous. 

The  heart  was  large  and  flabby  and.  particularly  ou  llu-  right,  dilated.  The  coronary 
sels  were  not  tortuous  and  not  evidently  sclerotic.  In  the  right  auricle  was  a  large 
amal  clot.  There  was  no  lesion  of  the  tricuspid  or  pulmonary  valves.  There  were  no 
•lombi  in  the  left  auricle.  On  the  mitral  valve  was  an  adherent  clot  and  the  I'dges  of  the 
n|ral  leaflets  were  somewhat  thickened.  The  clot  ui)on  the  uutral  \al\f  wa^  r\idenlly 
of  not  very  long  standing  (agonal)  and  at  tiir  p^iiit  <>\  attarlmun:  on  tlu'  \al\r  there 
^  no  lesion.  The  aortic  leaflets  were  lu'ahl:\  rxiciit  that  at  ihr  innu;  mI'  aii:uliuients 
re  was  a  certain  amount  of  sclerosis.  The  aorta  itscll  was  trcim-mlouslv  and  ditTusely 
laged  by  an  atherosclerotic  process  which  iiad  letl  to  suhiiuiiual  li\  pcrjilasia,  ihicken- 
wrinkling.  and  to  the  presence  of  atluromatous  ulcers,  and  abscesses  together  with 
C'ification.  lu^t  at  the  apex  of  the  arch  there  was  a  large  clot  that  was  adherent  tn 
^'ulcerated   iilac(|ue    just    at   tlic    (ipciiiuL;   of   the    iiuMniinati'   aitery    wiiich    was   consideraiily 
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dilated.      This   clot    extended    from   the    opening   of   the    innominate    to    the    origin    oi 
carotid  which  was  completely  blocked   for  some  distance  b}'  a   mixed  lamellated  thron 
The    aorta,    throughout    its    thoracic    portion,    was    considerably    dilated,    and    just    in 
region  of  the  innominate  the   dilatation   was   more   distinct   and   acquired   a   saccular    ii 
It   was    from   the   apex    of   this   saccular   secondarj'   aneurism    that    the    dilated    innomina< 
originated.     The   myocardium   was   flabby   and    for   the   most   part   pale,  but   particularly  i' 
the    papillary    muscles,    there    were    zones    of    deep    congestion    alternating    with   areas    tl 
were  paler,  somewhat  yellow,  indicating  some  deposition  of  fat.     The  mural  endocardium  w 
almost  generally  thickened.     The  coronary  openings  were  patent. 

The  left  lung  was  crepitant  throughout,  contained  no  areas  of  consolidation  and  v., 
merely   mildly  congested.      The   right   lung   presented  the   same   appearances.      The   spleei 
thickly  covered  with  the  remains  of  old  adhesions,  was  exceedingly  soft.     The  malpighiJ 
fol'icles  were  visible  as  small  points.     The  substance  had  no  increase  in  connective  tissij 
was  almost  diffluent  and  of  a  brownish-red  color.     The  liver  was  large  and  flabby.     T' 
surface  had  a  couple  of  grooves   across  the  dome   on   the   right.     The   whole   organ   w 
flabby.     Section  of  the  parenchyma   showed   a  mottling   due  to   some   moderate  degrci 
passive  congestion   evidently,    with   slight   central   lobular   atrophy.      The    whole   organ 
edematous.     In  the  left  lobe  the  evidences  of  passive  congestion  were  more  brilliant.     A- 
from  the  moderate  increase  in  mucus,  the  stomach  and  duodenum  showed  nothing  unii-u 
The  pancreas  was  slightly  congested  and,  particularly  in  the  tail,  there  seemed  to  be  soi 
areas  of  parenchymatous  hypertrophy,  in  evidence  of  which  were  islands  of  very  pale  h 
tissue.     There  was  very  little  splanchnic  arteriosclerosis. 

Anatomic  Diagnosis. — Luetic  mesaortitis ;  dilatation  of  the  aortic  arch;  aneurism  of  i 
aortic   arch   including  the   innominate  artery;    aortic   mural   thrombosis;    thrombosis   of  tl 
left  carotid  artery;   cerebral  embolism;   edema  of  the  brain  and  meninges;   chronic  diffi- 
nephritis;    myocardial    degeneration;    hypertrophy    and    dilatation    of    the    heart;    pynrr' 
alveolaris. 

REMARKS 

In  this  case,  there  can  be  no  doubt  of  the  immediate  cause  of  the  symptm. 
They  were  due  to  cerebral  embolism.     If,  in  the  former  case  there  were  m 
small  emboli,  in  this  case  they  were  large  and  produced  focal  lesions  that  a\ 
easily  discovered. 

CASE    III 

E.  M.,  Hospital  No.  A-3062,  a  negro  23  years  old,  was  brought  into  the  receiving  v 
of  the  Cincinnati  General  Hospital,  on  May  1,   1916. 

No  history  could  be  obtained.  All  that  could  be  learned  was  that  he  had  come  fro 
neighboring  town  two  days  before.  On  admission,  his  temperature  was  102°  ;  pulse  1 
respirations  40. 

The  patient  is  a  powerfully  developed  man.  He  is  lying  on  his  back  and  can  noj 
roused.  His  respirations  are  deep  and  irregular.  The  pupils  are  pinpoint  in  size  and  eq 
They  fail  lo  respond  to  stimuli.  On  the  right  malar  prominence  there  is  a  superficial  abraj 
but  no  swelling.  There  is  no  swelling  of  the  face.  There  is  no  stiffness  of  the  neck, 
left  angle  of  the  mouth  is  pulled  slightly  outward  and  there  is  an  occasional  twitching  ofj 
muscles  in  this  region.  The  neck  is  neg-ativc.  The  thorax  is  well  formed  and  symmetrj 
Expansion  is  equal  but  rather  small.  The  lungs  are  clear  throughout  on  auscultation, 
percussion. 

The  point  of  maximum  cardiac  impulse  is  9.5  cm.  to  the  left  of  the  midsternal  lin? 
the  fifth  interspace.  The  impulse  is  rather  diffuse  and  fairly  strong.  The  relative  car'ic 
dullness  extends  10.5  cm.  to  the  left  of  the  midsternal  line,  and  6.5  cm.  to  the  r  it. 
There  is  no  retrosternal  dullness.  Both  sounds  are  strong  and  forcible  at  the  apex.jU' 
not  so  strong  at  the  base.  On  auscultation  there  is  a  faint  systolic  murmur  heard  at,i« 
apex,  but  louder  at  the  left  border  of  the  sternum  in  the  third  and  fourth  interspaces.  ''| 
not  transmitted  beyond  this  region.  The  pulse  is  regular  in  force  and  rhythm.  The  1| 
pressure  is  160  systolic,  94  diastolic ;  pulse  pressure  66. 

The  abdomen  is  just  below  the  level  of  the  ribs  and  is  symmetrical.  There  is  no  rigf^ 
or  tenderness.     The  liver  and  spleen  are  not  enlarged. 
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The  abdominal  and  cremasteric  reflexes  are  absent.  Knee  jerks  are  not  obtained. 
Plantar  stimulation  elicits  a  very  slight  plantar  flexion  of  the  great  toe.  Oppenheimers 
reflex  is  absent.  There  is  no  clonus.  There  is  no  spasticity  of  the  upper  or  lower 
extremities. 

The  urine  obtained  in  the  receiving  ward  contained  a  considerable  amount  of  albumin. 
A  specimen  obtained  by  catheterization  the  following  morning  contained  a  small  amount  of 
albumin,  no  sugar,   acetone,  or  diacetic  acid,  and  coarsely  granular  casts. 
I  Blood  examination   gave  4,500,000  red  cells ;  8.600   leucocytes,   and  80  per   cent   hemo- 

'    globin.     A   differential   count   gave   23  per   cent  lymphocytes,    12   per   cent  mononuclears,  4 
i    per  cent  transitionals,  61  per  cent  neutrophils,  no  eosinophils,  or  mast  cells.     The  urea  con- 
'    tent  of  the  blood  w^s  100  mg.    The  hj-drogen-ion  concentration  was  7.65. 
1  Shortly  after  admission  350  c.c.  of  blood  were  withdrawn  at  the  elbow,  after  which 

1  the  systolic  pressure  dropped  from  160  to  138,  without  change  in  the  diastolic.  An  intravenous 
j  injection  of  a  liter  of  Fischer's  solution  was  given  after  venesection  and  following  this  the 
}  blood  pressure  rose  to  180  systolic,  and  100  diastolic. 

Spinal  puncture  was  done  and  about  50  c.c.  of  fluid  was  removed,  apparently  under 
no  increased  pressure.  The  fluid  was  blood-tinged.  Immediately  after  this  the  patient 
roused  sufficiently  to  give  his  name  and  age.  There  was  no  change  in  the  pupillary  reaction, 
and  he  soon  relapsed  into  coma.  The  following  day  spinal  puncture  was  repeated,  and 
the  fluid  obtained  was  not  under  any  increased  pressure.  There  was  a  small  amount  of 
blood  in  each  of  the  four  tubes  in  which  the  fluid  was  collected.  A  spinal  Wassermann 
was  negative ;  a  blood  Wassermann  was   strongly  positive. 


Fip.   3. — Case   A.    3062.      Central   infarction    (embolism). 

The   patient's   condition   remained   unchanged   throughout   the   day.     At   6:30   p.m.    the 
temperature    rose   to    106.6° ;    the   respirations   became   labored ;    the    pulse    w-as    fair.      The 
I'upils  became  extremely  dilated   and  fixed.     Ophthalmoscopic  examination   showed   m.tliing 
imusual.     The  blood  pressure  was  130  systolic,  100  diastolic. 
The  patient  died  at  7  p.m.,  on  May  2,   1917. 

Clinical  Snviniary. — A  colored  man,  23  years  old,  was  admitted  in  coma.  He  was 
11  developed,  the  pupils  were  equal  and  pinpoint.  The  reflexes  were  abolished.  The 
:irt  was  dilated  and  a  systolic  murmur  was  heard  at  the  apex,  transmitted  toward  tlio 
ase,  with  its  maximum  intensity  in  the  3rd  and  4th  interspaces  near  the  sternum.  The 
lood  pressure  on  admission  was  160  systolic  and  94  diastolic.  The  eyegroimds  were 
icgative  on  ophthalmoscopic  examination.  The  urine  contained  some  allnnnin  and  coarsely 
rranular  casts.  The  blood  urea  was  103  milligrams.  The  spinal  fluid  contained  red  blood 
ells. 

Clinical  Diutjnosis. —  I'acliynK'iiingitis   interna   licmorrhagica  ;  chronic   nejihrilis  ;   clironic 
nyccarditis ;    bxpcrtrophv  and    (hlatation    >>i   the   heart. 


Discrssiii.N    (k.   s.    m.) 


•    ii'und    IK)   i\  idince 
of    i)oisoning    could 


<\    tronbli 
)c    found 


The  lack   of  a  history  is   unfortunate,     'i'lure  could   h 
ufficient   to   cause   the    present   condition   and    no    evidence 
he  urinary  findings   were  against  acute  nephritis,   althouKli   the  secretion   of  urine   during 
le   last   day   of   the    patient's    illness    was    mucli    (liminishcd.      The    increase    of    tlu'    blood 
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urea  points  to  renal  insufficiency.  The  blood  pressure  was  moderately  elevated.  The 
spinal  fluid  on  two  occasions  contained  blood  which  apparently  did  not  come  from  the 
puncture  wound,  as  it  was  uniform  in  all  parts  of  each  specimen.  There  were  no  focal 
nervous  symptoms.  The  absence  of  these,  together  with  the  presence  of  blood  in  the 
spinal  fluid  and  the  moderate  elevation  of  blood  pressure  led  us  to  suspect  pachymenin- 
gitis hemorrhagica  interna.  In  a  process  as  acute  as  this,  the  absence  of  focal  symptoms, 
if  this  diagnosis  were  correct,  would  be  somewhat  puzzling.  Uremia  seemed  probable 
from  the  increase  of  urea,  the  scanty  secretion  of  urine  and  the  elevation  of  blood  pres- 
sure.    The  absence  of  changes  in  the  eyegrounds,  however,  is  noteworthy. 

AUTOPSY    PROTOCOL. 

The  body  was  that  of  an  exceedinglj^  well-built,  well-nourished,  colored  man,  prob- 
ably 35  years  of  age.  Rigor  mortis  was  present,  posterior  lividity  was  also  present,  but 
not  brilliant.  Over  the  right  malar  region  was  an  excoriation.  The  pupils  were  equal. 
The  teeth  were  in  fairly  good  condition,  but  .all  of  them  showed  atrophy  of  the  crown? 
There  was  no  pyorrhea.  The  finger  nails  were  pale.  In  the  bend  of  both  arms  were 
surgical  wounds  closed  with  silkworm-gut  sutures.  The  subcutaneous  fat  was  exceedingly 
well  developed.  The  muscles  were  exceedingly  well  developed,  of  good  color  and  dry.  The 
omentum  formed  an  apron  over  the  anterior  surface  of  the  intestines  and  was  well  supplieil 
with  fat.  The  small  intestine  was  for  the  most  part  contracted  and  the  large  intestine  wa- 
dilated,  chiefly  with  gas.  The  appendix  was  in  situ,  and  apparently  healthy.  There  was  no  ab- 
normality of  appearance  or  arrangement  of  the  intestines.  The  lower  border  of  the  liver  lay  .~ 
cm.  below  the  ensiform.  There  were  many  old  veil-like  adhesions  between  the  anterior  sur- 
face of  the  liver  and  diaphragm.  When  the  sternum  was  removed,  the  lungs  did  not  collapse 
In  the  left  pleural  cavity  there  was  no  increase  of  fluid  and  no  adhesions  except  between  the 
surface  of  the  lower  lobe  and  diaphragm.  There  were  no  adhesions  and  no  increase  in 
fluid  in  the  right  pleural  cavity.  There  was  no  abnormal  increase  in  fluid  in  the  peri- 
cardial cavit}'.     The  bronchial  lymph  glands  contained  old  obsolescent  tubercles. 

The  heart  was  excessively  increased  in  size,  the  right  side  somewhat  dilated  ami 
evidently  slightly  hypertrophic.  The  tricuspid  and  pulmonary  valves  showed  very  littli. 
change.  The  mitral  seemed  to  be  approximately  perfectly  healthy.  The  aortic  leaflets 
showed  a  few  adhesions  at  their  points  of  insertion  and  the  right  one  was  fenestrated 
at  its  margin.  Beginning  above  the  aortic  valves,  there  was  very  distinct  syphilitic' 
aortitis  and  about  half  way  between  the  valves  and  the  origins  of  the  great  vessels  c 
the  neck  were  several  mural  vegetations,  one  of  them  being  3.5  cm.  in  length  by  1  cm.  ii 
width,  the  others  being  smaller.  Also,  in  the  thoracic  aorta,  just  above  the  diaphragn 
there  was  another  mural  thrombus  which  measured  2  by  1.5  cm.  in  width.  All  of  thesi 
were  about  0.5  cm.  thick. 

The  liver  was  of  fair  size,  the  capsule  was  irregularly  thickened  and  upon  it  wen 
numerous  scars  of  old  adhesions.  The  whole  external  surface  was  pale.  On  cross  sec 
tion,  the  parenchyma  appeared  to  be  cloudy,  with  here  and  there  rather  discrete  areas  " 
fatty  degeneration.  There  was  evidence  of  a  certain  degree  of  passive  congestion,  not 
however,  distinctly  chronic.  The  gall  bladder  was  filled  with  a  yellowish-brown,  rathe 
thick,  mucoid  bile  and  contained  no  calculi. 

The  right  lung  was  somewhat  voluminous  and  rather  bluish-purple  in  color,  an 
crepitant  throughout  except  for  a  single  area  1.5  cm.  in  diameter,  just  beneath  the  middl 
of  the  lateral  surface  of  the  lower  lobe.  There  was  no  sign  of  pleuritis.  On  sectioi 
the  area  of  consolidation  appeared  to  be  an  obsolescent  fibroid  tubercle  with  caseous  cei 
ten  The  lung  tissue  was  saturated  with  fluid  and  exceedingly  congested.  The  left  lun 
resembled  the  right.  There  were  no  areas  of  consolidation  to  be  felt.  The  whole  lun 
seemed  to  be  somewhat  more  boggy  than  the  right.  On  section,  the  same  condition  i 
intense  congestion  and  edema  was  present.  From  some  of  the  smaller  bronchi,  yellow!.- 
drops  of  pus  were  expressed  and  upon  the  cut  surface  of  the  lower  lobe,  one  could  fe 
and  see  very  small  areas  of  consolidation  not  over  1  or  2  mm.  in  diameter,  which  hr 
an  indistinct  yellowish  appearance,  and  pressure  upon  them  forced  out  a  creamj\  yello\ 
ish  pus.  There  were  large  numbers  of  these  areas  of  consolidation  throughout  the  low 
lobe  and  some  still  smaller  ones  in  the  upper  lobe.  All  of  the  finer  bronchi  containi 
pus.  The  bronchi  were  all  intensely  congested  but  evidently  only  in  the  smaller  on 
was  there  any  purulent  exudate. 

The   spleen  was   small  and   the   surface   was   scarred   with   the   tags   of  old   adhesioi 
On   cross    section,   the   pulp    was   firm,    congested    and    the    malpighian    bodies   were  easii 
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visible  as  discrete  points.  There  were  the  healed  remains  of  old  tubercles.  There  was 
no  evidence  of  increased  fibrous  tissue  in  the  organ.  The  pancreas  was  exceedingly  soft 
and  evidently  was  undergoing  autolysis.  The  stomach  and  intestines  showed  very  well 
marked  postmortem  changes.  In  addition  to  this,  the  stomach  showed  some  morocco- 
leather  appearance.  The  duodenum  showed  nothing  unusual.  There  was  no  evidence 
of  passive  congestion.  There  was  nothing  unusual  in  the  intestinal  tract.  The  mesentery 
was  quite  fatt}^  The  mesenteric  lymph  glands  were  not  evidently  enlarged.  All  of  the 
abdominal  organs,  superficially  at  least,  were  exceedingly  dry.  The  spleen  was  sur- 
rounded by  old  adhesions,  some  of  which  were  between  it  and  the  stomacli.  Xeither  ad- 
renal  showed    anything    macroscopically    unusual. 

Over  the  lower  pole  of  the  right  kidnej',  the  fatty  capsule  was  infiltrated  and  more 
than  usually  adherent.  The  capsule  removed  with  ease  leaving  a  smooth  surface  which, 
as  a  rule,  was  pale,  but  was  irregularly  mottled  with  areas  of  hemorrhage,  so  that  it 
had,  particularly  in  the  lower  half,  an  appearance  of  marble.  On  section,  it  appeared  that 
except  for  about  a  fourth  of  the  parenchyma,  the  kidney  was  the  seat  of  multiple  infarc- 
tions. The  left  kidney  w^as  exceedingly  large,  like  the  right,  and  on  section  showed 
practically  the  same  series  of  changes.  It  seemed  possible,  from  the  appearances  in  the 
kidnej',  that  some  of  the  infarcts  were  older  than  others,  and  at  each  inferior  pole  the 
process  seemed  to  be  most  recent.  For  the  most  part,  these  infarcts  seemed  to  be  white ; 
the  most   recent   ones,   however,   were   red. 

"The  dura  was  not  thickened  and  showed   no   unusual  changes.     The   pia   showed   an 
exceeding  grade   of   congestion   with,   however,   very   little   edema.       The   brain   was   rather 
dry.     In  the  superior  longitudinal   sinus,    just   over  the  occipital   lobes,  was   a   definite,   ad- 
herent,  gray,    friable   thrombus.      The    convolutions    were   flattened    and   there   was   no   ac- 
jcumulation  of  fluid  between  them.      There  was   evidently  no   arteriosclerosis.     Particularly 
the  internal  aspects  and,  to  a  certain  extent,  the  external,  ventricular,  and  inferior  aspects 
of  the  occipital  lobes  were  intensely  and  generally  congested.     .\11   of  the  brain   substance 
in   these    areas    was    evidently   saturated    with    blood    pigment   and    the    areas   that    showed 
Shese  hemorrhagic   changes   seemed   to   be  softer   than   the   rest   of   the   brain.      The   whole 
ippearance  suggested  red  infarction.     Examination  of  the  brain  after  it  had  been  hardened, 
'evealed  a  large  infarct  on  the  inferior  surfaces  of  the  occipital  lobes  extending  up  through 
he  cortex   and   about   1   cm.   into  the  white  matter.     The   left  infarct   passed   up  and   for- 
ward above  the  cortex  to  a  point  just  above  the  left  cerebral  peduncle;   the  right   infarct 
)assed  up  through  the  oliva   and  ended   just  beneath   the   corpus   callosum   at   a   point   just 
ibove  the  middle  of  the  optic  chiasm."      (Note  bv  Chas.   E.  Kiely.) 

Aiiatojiiic  Diagnosis. — Aortic  mural  thrombi;  cerebral  and  renal  infarcts;  throm- 
losis  of  the  superior  longitudinal  sinus;  dilatation  of  the  right  heart;  luetic  mesaortitis ; 
cute  lobular  pneumonia  (bronchiolitis)  ;  healed  obsolescent  pulmonary  and  splenic  tuber- 
julosis ;   perihepatic  and  perisplenic  adhesions. 

RE  :M  ARKS 

This  case  is  unusual  in  several  respects.  In  tlic  first  i>lace,  tliroinliosis  of 
he  aorta  is  not  a  common  occurrence,  ^\'hen  it  does  occur,  it  is  not  infrc- 
uently  followed  by  cerebral  embolism,  but  not  to  llu-  extent  shown  Iww.  Com- 
lete  infarction    (red  softening)   of  both  occipital   lobes  is  exceedini^Iy  unusual. 

SUMMARY 

Three  cases  are  rej)orted  in  which  aortic  tlironibosis  occuri'ed  at  thr  >eats 
f  luetic  lesions.  I'rom  these  thrombi,  eml)oli  were  carried  to  \arious  portions 
f  the  body.  In  one  case  the  s\'mi)toms  were  acute;  in  one  the\-  were  cln-onic 
id  referred  to  ])aral\tic  disturbances;  in  one  tlu-y  were  jirobably  acute  and 
iralytic.  The  varying  distributions  of  tin-  emboli  from  thrombi  in  essi-nlially 
le  same  ])lace  in  the  aorta  is  interesting. 
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TABLES  FOR  USE  IN  BLOOD  ANALYSIS* 


By  Florence  Hueton-Frankel,  Ph.D.,  New  York  City 


THE  amount  of  calculation  necessary  in  the  laboratory  of  a  large  hospital  ' 
where  routine  analyses  are  done,  is  considerable,  and  any  device  which 
minimizes  this  and  introduces  a  greater  degree  of  safety,  from  the  standpoint 
of  personal  error,  seems  advisable.  The  following  tables  were  compiled  for  use 
in  this  laboratory,  but  in  view  of  the  requests,  from  visitors  from  other  labora- 
tories, for  copies  of  the  tables  it  seemed  that  they  might  prove  more  generally 
useful  if  published. 

Nonprotein  nitrogen  is  determined  in  blood  according  to  the  method  of 
Greenwald.^  Five  c.c.  of  blood  are  diluted  in  a  volumetric  flask  to  50  c.c.  with 
5  per  cent  trichloracetic  acid  and  allowed  to  stand  about  one-half  hour  and  then 
centrifuged  and  filtered.  Twenty  c.c.  of  this  filtrate  are  digested  with  4  c.c. 
of  a  digestion  mixture  consisting  of  potassium  and  copper  sulphate  and  sul- 
phuric acid,  till  colorless  and  then  10  c.c.  of  concentrated  alkali  is  added  and 
the  ammonia  formed  is  distilled  into  15  c.c.  of  0.01  N  acid  containing  3  drops 
of  methyl  red.  The  condenser  is  carefully  washed  and  the  washings  run  into 
the  receiver.  One  drop  of  methylene  blue  is  added  to  the  distillate  which 
gives  a  purple  color,  and  the  excess  of  acid  is  titrated  with  0.01  N  alkali.  This 
indicator  is  very  sensitive,  one  drop  of  0.01  N  alkali  at  the  end  point  changing 
the  color  from  purple  to  a  vivid  grass-green.  The  burette  containing  the  alkaH 
is  read  and  the  results  read  directly  in  milligrams  of  nonprotein  nitrogen,  from 
the  table.  This  eliminates  the  necessity  for  subtraction,  thus  avoiding  another 
possibility  of  error  and  saving  considerable  time  in  the  course  of  a  day. 

The  figures  for  the  majority  of  cases  will  fall  within  the  limits  of  those  in 
Table  I.  The  figures  in  the  left-hand  column  represent  whole  cubic  centi- 
meters of  0.01  N  alkali  used  in  the  titration.  The  figures  in  the  heading:- 
across  the  page  represent  tenths  of  a  cubic  centimeter;  i.  e.,  if  the  burette  read- 
4.5  c.c,  look  down  the  first  column  to  the  left  until  4  is  reached,  then  across 
the  page  on  the  same  line  as  4  until  the  figure  immediately  below  0.5  is  reached)  ^ 
giving  a  reading  of  73.5  mg.  of  nonprotein  nitrogen  per  100  c.c.  of  blood.        t^f' 

In  ordinary  routine  analyses,  closer  readings  than  this  are  not  necessary 
however  in  more  accurate  work  when  necessary,  where  the  burette  is  graduatec 
in  0.1  of  a  cubic  centimeter,  the  intervening  figures  can  be  easily  interpolated 
A  few  cases,  as  in  uremia,  will  show  figures  higher  than  those  recorded  ii 
Table  L  In  this  event  the  same  amount  of  filtrate  is  distilled  into  10  c.c.  oi 
0.05  N  acid  and  titrated  with  0.05  N  alkali  and  the  results  read  in  the  same  wa;j 
from  Table  II. 
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Table  I — Xoxproteix  Xitrogkx 


Take  20 

c.c.   filtrate 

for 

micro   Kjeldahl,   d 

gest   and 

distill 

into    15    c.c 

,00      ^^' 

d 

Fig-ures  give  mg. 

N. 

per  100 

c.c.  blood. 

AL 

KALI    USED    FOR 

TITRATIOX 

c.c. 

.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0 

105 

104.3 

103.6 

102.9 

102.2 

101.5 

100.8 

100.1 

99.4 

98.7 

1 

98.0 

97.3 

96.6 

95.9 

95.2 

94.5 

93.8 

93.1 

92.4 

91.7 

2 

91.0 

90.3 

89.6 

88.9 

88.2 

87.5 

86.8 

86.1 

85.4 

84.7 

3 

84.0 

83.3 

82.6 

81.9 

81.2 

80.5 

79.8 

79.1 

78.4 

77.7 

4 

77.0 

76.3 

75.6 

74.9 

74.2 

73.5 

72.8 

72.1 

71.4 

70.7 

5 

70.0 

69.3 

68.6 

67.9 

67.2 

66.5 

65.8 

65.1 

64.4 

63.7 

6 

63.0 

62.3 

61.6 

60.9 

60.2 

59.5 

58.8 

58.1 

57.4 

56.7 

7 

56.0 

55.3 

54.6 

53.9 

53.2 

52.5 

51.8 

51.1 

50.4 

49.7 

8 

49.0 

48.3 

47.6 

46.9 

46.2 

45.5 

44.8 

44.1 

43.4 

42.7 

9 

42.0 

.    41.3 

40.6 

39.9 

39.2 

38.5 

37.8 

37.1 

36.4 

35.7 

10 

35.0 

34.3 

33.6 

32.9 

il.l 

31.5 

30.8 

30.1 

29.4 

28.7 

11 

28.0 

27.3 

26.6 

25.9 

25.2 

24.5 

23.8 

23.1 

22.4 

21.7 

12 

21.0 

20.3 

19.6 

18.9 

18.2 

17.5 

16.8 

16.1 

15.4 

14.7 

Table  II — Xoxproteix'  Xitrogex 


Take   20   c.c.    filtrate    for    micro    Kjeldahl,    digest    and    distill    into    10   c.c.  -=i  acid. 
Figures  give  mg.  X  per  100  c.c.  blood. 

alkali    used    for    TITRATIOX 


c.c.                .0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

08 

0.9 

1             350 

346.5 

343 

339.5 

336 

332.5 

329 

325.5 

322 

318.5 

1             315 

311.5 

308 

304.5 

301 

297.5 

294 

290.5 

287 

283.5 

I            280 

276.5 

273 

269.5 

266 

262.5 

259 

255.5 

251 

248.5 

3             245 

241.5 

238 

234.5 

231 

227.5 

224 

220.5 

217 

213.5 

\            210 

206.5 

203 

199.5 

196 

192.5 

189 

185.5 

182 

177.5 

i            175 

171.5 

168 

164.5 

161 

157.5 

154 

150.5 

147 

143.5 

)            140 

136.5 

133 

129.5  • 

126 

122.5 

119 

115.5 

112 

108.5 

Creatinine  and  sugar  are  determined  according  to  the  Myer.s  and  Jjailey- 
nodification  of  the  Benedict  method — 5  c.c.  of  blood  are  hiked  with  20  c.c.  of 
listilled  water  and  saturated  with  recrystalHzed  picric  acid.  The  saturation  is 
ccomphshed  by  shaking  the  blood  with  the  picric  acid,  in  small  stoppered 
la.sks.  The  whole  is  centrifuged  and  filtered  and  3  c.c.  of  the  filtrate  are  used 
or  sugar  and  the  rest  for  creatinine,  being  compared  in  a  colorimeter  with 
tandard  creatinine  solutions,  after  treatment  with  alkali.  Setting  the  stand- 
rd  at  20  on  the  colorimeter  and  using  the  aboxe  method  the  creatinine  may  be 
ead  directly  from  the  tabic  in  milligrams  ])er  100  c.c.  of  blood. 

The  sugar  determination  is  made  according  to  the  mclhod  mcntioiird  .ind 
le  standard  used  is  3  c.c.  of  a  solution  of  pine  glucose  solutitm  coniaining  200 
ig.  of  glucose  per  liter  of  saturated  ])icric  acid.  The  same  amount  o\  sKindard 
I  this  case  must  be  treated  with  alkali  and  heated  exactly  as  ihc  nnknown. 
^ith  the  standard  set  at  20  the  result:-  in  percentage  of  glucose  may  be  n-ad 
n  Table  IV. 
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Table  III — Creatinine; 


STANDARD 

0.2  MG.  PER 

0.4    MG.  PER 

0.6  MG.  PER 

2.0  MG.  PER 

4.0  MG.  PER 

SET  AT  20 

100  C.C. 

100  C.C. 

100  C.C. 

100  C.C. 

100  C.C. 

STANDARD 

STANDARD 

STANDARD 

STANDARD 

STANDARD 

Unknown 

Reading 

10 

2.00 

4.00 

6.00 

20 

40 

11 

1.82 

3.64 

5.45 

18.2 

36.4 

12 

1.67 

3.34 

5.0 

16.7 

2>Z.Z 

13 

1.54 

3.08 

4.6 

15.4 

30.8 

14.0 

1.43 

2.86 

4.29 

14.3 

28.5 

14.5 

1.38 

2.76 

4.14 

13.8 

27.6 

15.0 

1.33 

2  66 

.    4.00 

13.3 

26.6 

15.5 

1.29 

2.58 

3.87 

12.9 

25.8 

16.0 

1.25 

2.50 

3.75 

12.5 

25.0 

16.5 

1.21 

2.42 

3-64 

12.1 

24.2 

17.0 

1.17 

2.34 

3.53 

11.7 

23.5 

17.5 

1.14 

2.28 

3.43 

11.4 

22.8 

18.0 

1.11 

2.22 

3.33 

11.1 

22.2 

18.5 

1.08 

2.16 

3.24 

10.8 

21.6 

19 

1.05 

2.10 

3.16 

10.5 

21.0 

19.5 

1.02 

2.04 

3.08 

10.2 

20.4 

20 

1.00 

2.00 

3.0 

10 

20 

20.5 

0.97 

1.94 

2.92 

9.7 

19.4 

21 

0.95 

1.90 

2.85 

9.5 

19.0 

22 

0.91 

1.82 

2.73 

9.1 

18.2 

23 

0.87 

1.74 

2.60 

8.7 

17.4 

24 

0.83 

1.66 

2.50 

8.3 

16.6 

25 

0.80 

1.60 

2.40 

8.0 

16,0 

26 

0.77 

1.54 

2.30 

1.1 

15.4 

27 

0.74 

1.48 

2.22 

7.4 

14.8 

28 

0.71 

1.42 

2.14 

7.1 

14.2 

29 

0.69 

1.38 

2.07 

6.9 

13.8 

30 

0.67 

1.34 

2.0 

6.7 

13.4 

^ 


Urea  is  determined  accoi.ling  to  the  method  of  Marshall'^  modified  by  Var 
Slyke.*  Two  c.c.  of  blood  au  diluted  with  water  to  about  10  c.c.  and  25  mg. 
of  pure  urease  added  (about  a  gram  of  freshly  ground  soy  bean  may  be  usei 
instead)  and  the  ammonia  formed  aerated  into  10  c.c.  of  0.01  N  acid.  Tht 
last  traces  of  ammonia  are  brought  over  by  making  the  blood  alkaline  with  1( 
per  cent  sodium  carbonate.  Methyl  red  is  placed  in  the  acid  into  w^iich  th( 
ammonia  is  aerated,  so  that  it  is  possible  to  see  if  the  10  c.c.  of  0.01  N  acid  car 
take  care  of  all  the  ammonia  formed.  The  methylene  blue  is  added  and  th( 
excess  of  acid  titrated  with  0.01  N  alkali.  The  results  in  mg.  per  100  c.c.  an 
read  from  the  table. 

As  was  the  case  in  the  nonprotein  nitrogen  the  urea  will  be  very  high  n 
uremic  cases,  and  the  ammonia  formed  will  have  to  be  aerated  into  10  c.c.  o 
0.05  N  acid  and  titrated  with  0.05  N  alkali,  and  the  results  read  on  Table  VI 

Uric  acid  is  determined  by  a  modification  of  Benedict's''  method.  10  c.c.  o 
blood  are  coagulated  by  adding  them  to  50  c.c.  of  boiling  0.01  N  acetic  acit 
filtered  and  boiled  down  to  a  small  volume  and  15  c.c.  of  alumina  crear 
added  and  filtered.  The  filtrate  is  concentrated  to  a  few  cubic  centimeters  an' 
washed  into  a  centrifuge  tube  and  20  drops  of  ammoniacal  silver  lactate  added 


T ABIDES  FOR  USE  IN   BI^OOD  ANALYSIS 


551 


Table  IV — Sugar  in  Blood 


STRENGTH   OF   STANDARD  200    MG.    PER    lOCO   C.C. 


Colorimeter  Reading 


Percentage  of   Susar  in   Blood 


7. 

7.5 

8. 

8.5 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


0.286 

0.267 

0.25 

0.235 

0.222 

0.202 

0.182 

0.167 

0.154 

0.143 

0.133 

0.125 

0.117 

0.111 

0.105 

0.10 

.095 

.091 

.087 

.083 

.080 

.077 

.074 

.071 

.069 

.067 

.064 


Table  V— Urea 

10  c.c.  ACID   n/100 

2   C.c.    BLOOD. 

MG.    UREA    PER    100   C.C.    OF   BLOOD 

c.c.              0.0           0.1 

0.2 

0.3           0.4           0.5 

0.6           0.7           0.8           0.9 

0 

150.0 

148.5 

147.0 

145.5 

144.0 

142.5 

141.0 

139.5 

138.0 

136.5 

1 

135.0 

133.5 

132.0 

130.5 

129.0 

127.5 

126.0 

124.5 

123.0 

121.5 

:> 

120.0 

118.5 

117.0 

11.5:5 

114.0 

1 12.5 

111.0 

109.5 

108.0 

106.5 

3 

105.0 

103.5 

102.0 

100.5 

99.0 

97.5 

96.0 

94.5 

93.0 

91.5 

4 

90.0 

88.5 

87.0 

85.5 

84.0 

82.5 

81.0 

79.5 

78.0 

76.5 

- 

75,0 

73.5 

72.0 

70.5 

69.0 

67.5 

66.0 

64.5 

63.0 

61.5 

60.0 

58.5 

57.0 

55.5 

54.0 

52.5 

51.0 

49.5 

48.0 

46.5 

/ 

45.0 

43.5 

42.0 

40.5 

39.0 

37.5 

36.0 

34.5 

33.0 

31.5 

s 

30.0 

28.5 

27.0 

25.5 

24.0 

22.5 

21.0 

19.5 

18.0 

16.5 

') 

15.0 

13.5 

12.0 

10.5 

9.0 

7.5 

6.0 

4.5 

3.0 

1.5 

Table  VI— Urea 

10  c.c. 

n/20  acid. 

2   c.c.    BLOOD. 

MG.    UREA    PER    100   C.C.    OF   BLOOD 

'  .c. 

0.0 

0.1 

0.2 

0.3           0.4           0.5 

0.6           0.7           0.8           0.9 

'             750. 

742.5 

735.0 

727.5 

720. 

712.5 

705. 

697.5 

690. 

682.5 

675. 

667.5 

660.0 

652.5 

(AS. 

637.5 

630. 

622.5 

617. 

609.5 

-'              600. 

.592.5 

585.0 

577.5 

570. 

562.5 

555. 

547.5 

540. 

532.5 

<              .525. 

517.5 

510.0 

502.5 

495 

487.5 

480. 

472.5 

4(i5. 

457.5 

^             450. 

442.5 

435.0 

427.5 

420. 

412.5 

405. 

397.5 

390. 

382.5 

375. 

367.5 

360.0 

3.52.5 

345. 

337.5 

330. 

322.5 

315. 

307.5 

300. 

292.5 

285.0 

277.5 

270. 

2()2.5 

255. 

247.5 

240. 

242.5 

225. 

217.5 

21 0.0 

202.5 

1<)5. 

187.5 

180. 

172.5 

1(.5. 

155.5 

^             150. 

142.5 

135.0 

127.5 

120. 

112.5 

105. 

97.5 

90. 

82.5 

'              75. 

67.5 

60.0 

52.5 

45. 

37.5 

30. 

22.5 

15. 

7.5 

.■>0^ 
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The  precipitate  formed  is  silver  urate  and  is  centrifuged  off  and  dissolved  id 
KCN  and  made  alkaline  with  NaoCOg  and  uric  acid  reagent  added  and  dilutecl 
to  a  definite  volume  and  compared  in  a  colorimeter  with  a  uric  acid  standard,  a 
solution  5  c.c.  of  which  gives  1  mg.  of  uric  acid.  For  routine  work  the  standar(^ 
is  set  at  20.  The  colorimetric  reading  on  the  table  gives  milligrams  of  uric  acid 
per  100  c.c.  i 

Table  VII— Uric  Acid 


DILUTION  OF   UNKNOWN 

25     50 

50     100 

25 

VOLUME    OF    BLOOD 

10    20 

10    20 

20 

COLORIMETER  READING 

10.0 

10 

20 

5.0 

10.5 

9.5 

19.0 

4.7 

11.0 

9.1 

18.2 

4.5 

11.5 

8.7 

17.4 

4.3 

12.0 

8.3 

16.7 

4.1 

12.5 

8.G 

16.0 

4.0 

13.0 

1.1 

15.4 

Z.S 

13.5 

7A 

14.8 

3.7 

14.0 

7.1 

14.3 

3.5 

14.5 

6.9 

13.8 

3.4 

15.0 

6.7 

13.3 

2).c> 

15.5 

6.4 

12.9 

3.2 

16.0 

6.2 

12.5 

3.1 

16.5 

6.0 

12.1 

3.0 

17.0 

5.87 

11.75 

2.9 

17.5 

5.7 

11.4 

2.8 

18.0 

5.55 

11.1 

2.75 

18.5 

5.4 

10.8 

2.7 

19.0 

5.2 

10.5 

2.6 

19.5 

5.12 

10.25 

2.55 

-20. 

5.0 

10. 

2.5 

21. 

4.7 

9.5 

2.2, 

Z2. 

4.5 

9.1 

2.2 

2i. 

4.3 

8.7 

2.1 

24. 

4.1 

%.i 

2.05 

25. 

4.0 

8.0 

2.0 

26. 

3.8 

7.7 

1.9 

27. 

3.7 

7.4 

1.85 

28. 

3.6 

7.1 

1.8 

29. 

3.4 

6.9 

1.7 

30. 

3.3 

6.7 

1.6 
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TWO  SUGGESTIONS  OF  APPARATUS  FOR  THE  TEACHING 

LABORATORY* 

1.  A  Device  FOR  the;  Determination  of  Time  of  Muscular  Contraction 
AND  Relaxation.    2.  An  Automatic  Key. 


By  Ardrey  W.  Downs,  M.D.,  and  George  Hays,  M.D.,  Montreal,  Canada 


THE  first  apparatus  described  in  this  paper  (Fig.  1)  is  a  simple  contrivance 
designed  to  give  a  more  accurate  measurement  of  the  time  occupied  by  the 
contraction  and  by  the  relaxation  of  a  muscle  than  does  the  mechanism  usually 
employed.  It  consists  of  a  rectangular  piece  of  metal  7  cm.  long  and  l^^  cm. 
square  placed  verticall}'  with  a  metal  rod   15   cm.  long  and  7  mm.  in  diameter 


Fig.   1. 

attached  at  right  angles  near  one  end  to  serve  as  a  support.  This  rod  may  be 
clamped  to  the  ordinary  stand.  Through  the  center  of  the  vertical  block  from  end 
to  end  is  drilled  a  round  hole  eighl  millimeters  in  diameter,  and  in  this  a  small 
metal  disc,  or  ])iston,  is  accuratelv  fitted.  To  ihc  upper  surface  of  this  disc  is 
fastened  a  wire  for  the  attachment  of  the  muscle,  and  to  its  lower  surface  is 
fastened  another  wire  for  the  sus])ension  of  a  scale  pan.  A  writing  Icvt'r  is 
secured  to  the  side  of  the  disc  and  allowed  to  ])roject  through  a  slot  cut  through 
the  cylinder  wall  from  top  to  bottom.  Thi^  permits  the  disc  to  be  moM'd  uii 
and  down  in  its  containing  CNlinder.  The  nuiscU'  may  be  held  in  any  suitable 
claini),  in  this  case  a  muscle  clani]»  of  the  type  made  b\'  tlu'  llar\ard  .\pparalus 
Company. 

The  muscle  lever  ordinariK    ux'd  to  lecord  ;i  mu>clc  cur\e  is  tlie  radius  of 
a  circle  and  when  lifted  l)y  the  contracting  nuiscU'  il.s  w  riling  point  describes  the 


•From  the   Laboratory  of  Physiology,   ^tiilic.!!    1  iiparlnuiil.    .Miliill    University,    Montreal,    Caiimla. 
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.rc  of  a  circle.     It  is  obvious  that  in  making  a  tracing  of  a  muscle  curve  on  a 
:   -olviil  dn,m  the  apex  of  the  curve  is  moved  backward,  that  ,s,  away  f  on 
h    noS  at  which  the  curve  began,  because  of  two  factors;  <'-  ■™™"-"7 
he  surface  of   the  drum  past  the  writing  point  and  the  arc   drawn  by   the 
muscle   ever  when  elevated.     The  second  of  these  factors  adds  to  the  apparent 
r*  o    the  period  of  contraction  an  appreciable  length  of  time  due  entirely  to 


Fig.   2-A. 


Fig.  2-B. 


Fig.  3. 

the  method  of  operation  of  the  apparatus.     In  some  cases  the  arc  f°"-d  by| 
Tvriting  point  is  so  great  as  to  inscribe  a  muscle  curve  in  wiich  tl.  ap  x 
is  behind  the  point  where  the  lever  returns  to  the  base    ™  ■    ■;■'  «    j'^^, 
indicating  the  termination  of   the  period  of   relaxation      In     uch   ^   «se  t 
„r is  obvious,  but  in  every  muscle  curve  drawn  by  this  method  the.e       a 
e    or  due  to  the  factor  described.     It  is  claimed  that  this  error  may  be  e  imi 
Ited  by  allowing  the  writing  lever  to  inscribe  its  arc  from  the  apex  of  th^ 
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muscle  curve  to  the  abscissa  line  with  the  drum  stationary,  and  computing  the 
time  from  the  beginning  of  the  curve  to  the  intersection  of  this  arc  with  the 
abscissa  line  as  the  true  period  of  contraction.  The  objections  to  this  method  are 
that  it  is   inconvenient,   is  apt  to  be   inaccurate,  and  is,   therefore,   unscientific. 

Two  muscle  curves  exemplifying  the  foregoing  statements  are  shown  in 
Fig.  2.  In  Fig.  2A  is  seen  a  muscle  curve  ruled  with  vertical  lines  from  the 
beginning  of  the  curve,  the  apex,  and  the  point  where  the  lever  returns  to  the 
base  line,  to  the  time  record.  It  is  unnecessary  to  point  out  the  inaccuracy. 
In  Fig.  2B  a  similar  curve  is  corrected  by  drawing  the  arc  from  apex  to  base 
line  and  then  ruling  the  usual  vertical  lines.  This  curve  still  fails  to  show 
the   proper   relationship   between   time   of    contraction    and   time   of    relaxation. 

In  Fig.  3  is  shown  a  muscle  curve  inscribed  by  our  apparatus  and  ruled 


Fig.   4. — One-half  actual   size. 

in  the  usual  manner.  In  using  this  device  inaccuracies  such  as  may  occur  by 
the  method  just  described  are  impossible.  The  writing  point  can  move  only  in 
a  vertical  direction  and,  therefore,  the  section  of  the  drum  that  passes  the 
writing  point  during  the  contraction  and  also  during  the  relaxation  of  the 
muscle  must  represent  only  the  time  during  which  the  lever  was  being  raised 
by  the  contraction  of  the  muscle  or  allowed  to  fall  by  its  relaxation.  There  is, 
of  course,  no  magnification  as  with  the  usual  muscle  lever,  but  the  ordinary 
muscle  (in  this  case  the  gastrocnemius  of  a  frog)  with  pro])er  adjustment  of 
load  and  strength  of  stimulus  will  give  a  contraction  curve  sufficiently  high. 
The  second  suggestion  that  we  wish  to  make  is  a  simple  key  which  can  be 


DC 


Fig.    5. — Oiic-half  actual    size. 

easily  made  and  attached  to  the  liarvard  kymograjih.  It  is  so  constructed  that 
the  ])rimary  electric  current  is  broken  at  an}-  out'  desired  point  on  the  cir- 
lumference  of  the  drum  and  is  always  broken  at  exactly  the  same  point  with 
lach  succeeding  revolution.  ( )ur  object  in  making  this  key  was  to  secure  an 
•  irrangement  that  could  be  made  easily  and  cheaply,  so  that  it  wtnild  be  suitable 
tor  use  in  a  teaching  laboratory,  which  would  enable  tlu'  student  to  olu.iin  a 
|l)reak  shock  at  identically  the  same  point  every  time  the  (Iruiii  reNoKed.  it  is 
|unnecessary  to  point  out  the  acKantages  of  such  a  dexice  in  ri'cording  a  series 
"t  contractions  of  a  voluntary  muscle  to  show  the  ih.uiges  in  the  contraction 
'  urve  as  the  muscle  beccjmes  fatigued,  or  in  recording  the  i-ft'i'et  ot'  load  upon 
'he  contraction  of  such  a  muscle.  It  is  not  suggested  that  this  ke\  is  an\  bet- 
'f  than,  or  e\en  so  good  as,  automatic  keys  in  use  in  \arious  laboratories;  but 
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it  is  intended  to  offer  something  which  may  be  helpful  to  those  who  are  using 
the  Harvard  kymograph  and  have  felt,  as  have  the  authors,  the  need  of  some 
such  attachment. 

As  may  be  seen  from  Fig.  4  the  apparatus  consists  of  a  hard  rubber  base  4^ 
cm.  long  and  2  cm.  wide  which  is  attached  to  the  upper  surface  of  the  base  of 
the  kymograph  by  two  screws  passing  through  the  vulcanite  block  at  two 
corners  and  entering  holes  drilled  through  the  metal  plate  forming  the  upper 
surface  of  the  kymograph  base.'  In  this  hard  rubber  block  two  binding  posts 
are  fastened  for  the  attachment  of  wires  of  the  primary  circuit.  One  binding 
post  is  shorter  than  the  other  and  carries  a  metal  bar  which  can  be  allowed  to 
rest  on  the  taller  binding  post  and  which  can  be  swung  upward  and  backward 
away  from  the  post  on  which  it  rests.     To  accomplish  this  it  is  hinged  loosely 


Fig.    6. — One-half   actual   size. 

by  a  horizontal  rod  passing  through  a  hole  drilled  through  the  shorter  of  the 
two  posts  at  right  angles  to  the  line  joining  the  binding  posts.  The  only  portion 
of  the  device  remaining  to  be  described  consists  of  a  ring  (Fig.  5)  which  en- 
circles the  brass  sleeve  that  supports  the  drum.  This  ring  is  held  in  position  by 
a  set  screw  and  carries  a  rod  three  centimeters  long  projecting  horizontally 
This  rod  acts  as  a  striker,  raises  the  bridge  connecting  the  two  binding  post^' 
and  carries  it  onward  until  it  passes  beyond  the  vertical  position  and  drops  dowr 
and  away  from  the  first  post.  As  soon  as  the  bridge  is  raised  the  primary  cir 
cuit  is  broken  and  before  the  drum  has  completed  its  revolution  ample  time  i:i' 
afforded  the  experimenter  to  close  the  short-circuiting  key,  make  the  current  ii| 
the  primary  circuit  by  swinging  the  bridge  over  into  position  so  as  to  connec 
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the  two  binding  posts,  and  open  the  short-circuiting  key.  When  this  is  done  the 
next  revolution  of  the  drum  gives  a  break  shock  at  exactly  the  same  point  as 
before.  Or,  if  more  convenient,  the  operator  may  wait  until  the  curve  has 
been  recorded,  stop  the  drum,  and  reset  the  key.  One  great  advantage  pos- 
sessed by  such  a  key  as  we  have  described  is  that  after  the  contact  has  been 
broken  it  makes  no  difference  how  often  the  drum  revolves  there  can  not  pos- 
sibly be  any  further  stimulation  of  the  preparation  until  the  experimenter  closes 
the  key.  In  our  experience  this  last  feature  is  particularly  valuable  in  the  case 
of  students. 

Fig.  6  shows  the  position  of  the  key  upon  the  upper  surface  of  the  base 
of  the  kymograph. 


A  SIMPLE  MOUNTING   FOR  THE  CARBON   DIOXIDE 
APPARATUS  OF  VAN  SLYKE* 

By  \\'ithrow  Morse  and  L.  L.  Landenberger,  Chicago,  Iel.! 


THE  accompanying  figure  illustrates  a  simple  method  of  mounting  the  appa- 
ratus of  Van  Slyke  for  carbon  dioxide  determinations  as  used  in  this  lab- 
oratory.f     The  larger  apparatus  is  shown  here,  but  the  same  method  is  applicable 

to  the  microapparatus.  The  50  c.c.  bulb 
of  the  apparatus  sits  in  a  clampt  (Fig- 
2)  which  has  four  jaws  generously  sup- 
plied with  thick-walled  rubber  tubing  and 
the  bulb  is  held  in  place  by  means  of  a 
hook  operated  by  a  spiral  spring  at  its 
base,  which  draws  the  hook  into  firm  con- 
tact witli  the  bulb.  The  hook  is  covered, 
likewise,  with  rubber  tubing. 

The  leveling  bulb  is  sujiported  by 
an  ordinary  ring  fastened  to  the  same 
ringstand,  which  is  used  to  Iiold  the  ap- 
j)aratus  proper.  Immui  the  sides  of  the 
ring,  two  inches  of  metal  are  cut  away 
for  the  pur])()se  of  a<lniitting  the  lexelini; 
l.ulb. 

In  llic  manipulation  nl"  ihe  apparatus 
(luring  a  (K'tcnninatiou.  it  is  necessary  to 


6)jiiMajja33;i.u.il;^ 


FiK.    1. 


I'iK-    -'. 


'Van   Slyke,   D.D.:     Jour.    I'.iol.   Clicni.,  June.    1^17. 

tFrom  the  Nelson  Morris  Memorial  Institute  for  Meilical  Kesiarcli,  Miclia.l  Uocse  llosiuial,  Chicago. 
I  .  tThis  tlanip  is  i  ati-ntcd  and  made  Uy  Wm.  Gacrtmi  \  (."<«.,  5.^45  Lake  I'ark  Ave.,  ChHaKi),  and  is 
ircadily  adapted  to  many   other  uses  in  the  laboratory. 
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remove  the  apparatus  from  its  support.     This  is  simply  done  by  slipping  the  hook 
from  the  bulb.     There  are  no  screws  necessary. 

It  is  important  that  the  two-way  stopcock  at  the  bottom  of  the  50  c.c.  bulb 
be  held  firmly  in  place.  This  may  be  done  by  means  of  heavy  rubber  bands,  but 
this  obscures  the  apertures  in  the  stopcock.  By  means  of  a  piece  of  wood 
fitted  in  a  fork  around  the  neck  of  the  stopcock  and  held  firmly  against  the  tube 
by  means  of  zinc  oxide  adhesive  or  a  rubber  band,  displacement  of  the  stop- 
cock and  consequent  loss  of  mercury  is  rendered  impossible. 


NOTE  ON   A   UNIFORMLY   SATISFACTORY   METHOD  OF  COLLECT- 
ING URINE  SEPARATELY  FROM  EACH  URETER  IN  ACUTE 
EXPERIMENTAL  WORK  (DOGS)* 


By  a.  B.  Luckhardt,  Ph.D.,  M.D.,  Chicago,  III. 


IT  seemed  desirable  to  record  briefly  a  method  of  collecting  urine  separately 
from  each  ureter  which  is  better  than  the  procedures  in  common  use  in 
acute  experiments  inasmuch  as  it  is  quite  satisfactory  even  in  the  hands  of 
an  amateur. 

It  will  be  generally  conceded,  I  believe,  that  all  methods  of  collecting 
urine  involving  cannulas  tied  in  the  ureters  have  this  annoying  difficulty  that 
the  ureter  from  the  start  or  soon  after  sufifers  compression  from  the  abdominal 


G> 


Fig.     2. — Shows     the     artificial    pof 

terior    extension    of    dog's    ureters    liv 

Fig.     ]. — (a)      Steel-tipped    brass    trocir    large    enough    to    admit       cannulas    introduced    into    the    ureters 

ureteral    cannula    (b).      The    wood    fiber    sphere    {c)    will    be    found       and    held    in    place    by    a    method    dej 

useful   m   iiushing   trocar   through   soft   tissues.  scribed  in  the  text. 

wall  or  surrounding  structures  or  obstruction  by  a  kinking  of  the  ureter  at  th 
point  of  insertion  of  the  cannula,  especially  when  an  attempt  is  made  to  lea 
out  the  collecting  cannulas  through  an  incision  in  the  anterior  abdominal  wal 
Particularly  is  this  true  if  the  cannulas  are  introduced  into  the  ureter  near  th 
bladder,  the  point  of  election,  since  insertion  near  the  pelvis  of  the  kidne; 
invites  a  reflex  anuria. 

The  method  I  have  devised  is  based  on  three  mechanical  physiologic  cor 
siderations  of  practical  importance:  1.  To  isolate  the  ureters  through  a  sma 
abdominal  incision  just  above  the  symphysis  of  the  pubis.     2.  To  introduce 

*From  the  Hull  Physiological  Laboratory  of  the  University  of  Chicago. 
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cannula  in  such  a  manner  that  it  will  be  in  line  throughout  its  length  with  the 
ureter  into  which  it  has  been  inserted.  3.  To  maintain  the  cannula  securely 
in  this  position  throughout  the  period  of  experimentation ;  for  everyone  knows 
that  very  slight  pressure  on  the  ureter  or  kinking  of  it  suffices  to  stop  an 
otherwise  brisk  flow  of  urine. 

To  accomplish  the  latter  two  ends  I  make  use  of  trocar  of  brass  tubing 
provided  with  a  very  sharp  steel  tip  (Fig.  Li)  sufficiently  large  to  admit  a  glass 
cannula  whose  tip  is  blunt  (Fig.  IB).  The  trocar  is  about  15  cm.  long  with  an 
internal  bore  of  6-7  mm.  The  glass  cannulas  are  somewhat  longer,  the  length 
varying  with  the  size  of  dog  experimented  upon.  The  urinary  bladder  having 
been  emptied  of  the  contained  urine  and  fecal  masses  removed  through  the 
anus  by  manual  compression,  through  a  laparotomy  incision  just  above  the 
symphysis  two  small  skin  incisions  are  made,  each  one  medial  to  the  tuber- 
osity of  the  ischium.  A  wood-fiber  sphere  having  a  small  projection  which  fits 
snugly  in  the  open  end  of  the  brass  trocar  (Fig.  IC)  is  attached  to  the  latter. 
,  The  trocar  is  grasped  firmly  in  one  hand  with  the  wood-fiber  plug  in  the  center 
I  of  the  palm ;  the  tip  of  the  trocar  is  inserted  into  one  of  the  skin  incisions  near 
'  the  tuberosity  of  the  ischium  and  then  pushed  through  the  perineum  and  pelvis 
under  the  symphysis  on  the  pubis  so  that  the  trocar,  when  its  tip  appears  above 
the  brim  of  the  true  pelvis  lies  in  a  direct  line  with  the  ureter.  The  wood-fiber 
sphere  is  disengaged  from  the  trocar.  A  ureteral  cannula  (Fig.  IB)  is  pushed 
up  into  the  trocar  (tip  first)  as  far  as  it  will  go.  The  trocar  is  removed  by 
pulling  it  out  of  the  abdominal  incision  leaving  in  its  ])lace  the  ureteral  can- 
nula in  exact  line  with  the  ureter.  The  cannula  is  tied  into  the  ureter  in  the 
usual  way.  In  short,  the  ureter  is  artificially  extended  backwards  and  to  the 
exterior  by  a  cannula  which  lies  /';/  line  with  the  ureter  and  is  held  there  firmly 
by  the  tissues  surrounding  it.      (Fig.  2.) 

In  plunging  the  trocar  through  the  tissues  it  is.  of  course,  essential  that 
ihe  tip  be  directed  properly  so  that  it  will  subsequently  lie  in  the  ])ro]K'r  posi- 
tion.    The  index  finger  of  the  (jther  hand  will  be  found  useful  as  a  guide. 

If  the  introduction  of  the  long  cannula  into  the  ureter  is  found  too  difficult, 
•  I  small  cannula  may  be  inserted  into  the  ureter,  a  longer  ])iece  of  glass  tubing 
lirought  in  a])])Osition  with  it  by  means  oi  the  trocar,  and  tlie  two  then  joini'd  by 
I  |)iece  of  thick-walled  rul)ber  tubing. 

After  the  cannulas  are  in  ])lace  they  are  freed  from  air  by  (lisi>lacing  the 
alter  with  ])hvsiologic  salt  solution  or  water  contained  in  a  bent  Pasleur  i)ipette 
nserted  high  up  into  the  neck  of  the  ureteral  cannulas. 

I        For   convenience   in    introducing   the   trocars    and    in    eollecling    urine    it    is 
Hesirable    to    raise    the    dog's    peKis    'from    llu-    ainmal    board    by    a    two-inch 
'lodcn  block. 

v*^ince   tlie  ureters  converge  towards   the-  l>la(l(li'r,   it    would   i)ossibl\    be   still 

'Iter  to  ])usli   the  trocar   from   the  left   ^kin    inei>ion    to   the   right    brim   of   the 

jrue  ])elvis  and   from  the  right   skin  incision  to  the  liM't   luini  of  the  in'Kis.      Tin- 

leteral  cannulas  when  inserted  would  then  cross  in  the  median  line  under  the 

^inphysis.     I>ut  I  ha\e  not  found  it  necessary  to  cross  the  cannulas  to  eon  form 

'th    this    strietlv    theoretical    rc(|uii"cnicnl. 
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EDITORIALS 


An  Explosive  Epidemic  of  Influenzal  Disease  at  Fort  Oglethorpe 

MAJOR  SOPER  makes  a  report  upon  the  above-named  epidemic  of  which 
the  following  is  an  abstract: 

A  disease  strongly  resembling  influenza  became  prevalent  in  the  Oglethorpe 
camps  about  March  18,  1918.     It  soon  assumed  pandemic  proportions.     Within 
two  weeks  every  organization  in  Camp  Forrest  and  the  Reserve  Officers'  Train- 
ing Camp  was  affected.    It  seems  to  have  visited  only  a  part  of  Camp  Greenleaf. 
The  \\'a.v   Prison   barracks   were   not   invaded.      After   about   three   weeks   the 
epidemic  subsided  rapidly.     The  number  of  cases  sent  to  hospital  or  to  quar 
ters  was  1,468  in  a  total  strength  of  28,586.     Owing  to  the  fact  that  many  case; 
were  not   severe,   the   total   number  of   officers   and   men   attended   can   not  b 
given;  an  estimate  based  on  replies  to  a  circular  letter  of  inquiry  to  the  severa 
organizations  of  the  study  of  the  records  of  the  hospitals  indicates  that  not  les 
than  2,900  cases  have  occurred  in  Chickamauga  Park. 

The  attention  of  the  Camp  Surgeon's  Office  was  called  to  the  existence  oi 
this  disease  on  March  18,  at  which  time  the  writer  saw  a  number  of  men  appeai 
at  sick  call  in  the  51st  Infantry,  suffering  with  the  disease  which  the  regimenta 
surgeons  were  unable  to  diagnose.  The  symptoms  were  as  follows :  Headache 
pain  in  the  bones  and  muscles,  especially  the  muscles  of  the  back,  marked  pros 
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tration,  fever  (sometimes  as  high  as  104°).     Sometimes  there  was  conjunctivitis, 
coryza,  a  rash  and  possibly  nausea,  recovery  taking  place  in  a  few  days. 

In  most  cases  a  definite  diagnosis  was  not  made  at  the  regimental  sick  call, 
but  at  the  receiving  ward,  when  a  name  was  given,  it  was  usually  called  in- 
fluenza. 

On  April  3  it  was  recommended  that  steps  be  taken  to  ascertain  from  the 

several   organizations   under   the   supervision   of   the   camp   surgeon   from  other 

camps  in  the  Oglethorpe  region,  the  essential   facts  concerning  the  nature  and 

epidemiological  progress  of  the  disease.     A  circular  letter  of  inquiry  upon  these 

lines  was  sent  out  on  April  4  to  all  organizations.     Replies  to  this  questionnaire 

'indicated  that  the  disease  was  first  noticed  in  epidemic   form  on  March   18  in 

;;he  jlst   Intantry.      In  some  organizations   all   cases   were   sent  to  hospital;   in 

'others  their  cases  were  treated  in  quarters  or  in  the  regimental  infirmary.     This 

iloes  not  mean  that  the  disease  was  more  severe  in  some  organizations  than  in 

l)thers.     Difiference  in  the  disposition  of  the  sick  depended  not  so  much  upon 

|he  severity  of  the  case  as  upon  the  local  facilities  for  dealing  with  them.     Rec- 

'rds  show  that  there  were  twice  as  many  patients  dealt  with  in  quarters  as  in 

ospitals  and  there  were  probably  twice  as  many  cases  existing  as  were  carried 

n  sick  report. 

The  replies  were  unanimous  in  stating  that  the  disease  was  not  restricted 
3  recruits,  nor  to  men  who  had  already  experienced  or  failed  to  experience  an 
ttack  of  measles,  German  measles  or  scarlet  fever.  One  attack  did  not  protect 
gainst  another. 

In  all  the  organizations  the  epidemic  was  first  located  in  companies  before 

became  general.     In  many  instances  a  large  proportion  of  the  men  were  af- 

cted.     According  to  the  registrar  of  the  Base  Hospital,  fully  one-half  of  the 

tal  number  of  patients  in  the  hospital  had  the  disease.     The  rate  at  which 

I-  epidemic  progressed  made  it  impossible  to  trace  its  path,  if  indeed  it    fol- 

nl  any. 

The  incubation  period  was  short,  usually  not  oxer  one  or  two  days.      In- 

mces  were  found  in  which  men  isolated  in  quarantine  were  attacked  appar- 

dy  through  contact  with  those  who  brought  them   food  or  approached  them 

r  other  reasons.     At  the  Post  Hospital  a  numl)er  of   surgical   cases   in  tents 

re  infected,  appare!itl\-  by  an  orderly.     In  Co.   1).  of  the   15th   Machine  (lun 

'alion.   which    was   in   ([uarantine  on   account   of   scarlet    fever,   nearly   every 

present   was  attacked.      In   C()mi)any   A,   52nd   Infantry,   a   company   which 

-  quarantined,  the  men  api)eare(l  to  be  protected  b}'  reason  of  their  isolation. 

Some  organizations  sufifered  more  than  others  for  no  app.'MX'nl  reason.      riie 

"1   Infantry   had   the   most   and   the   54th    Infantry    the    fewest    ca-"S.      In    the 

I   Infantry  and   the   15lh   Machine  (km    P)atlalion,  one   in  every  seven  of  the 

ers  and  men  was  on  sick  rei)ort.     In  one  ambulance  companx    tlu'  ])ropoi-tion 

one  to  six.  while  in  others  it  ran  as  low  as  one  to  twentv  two. 

Ujion  the  rccoinniendati.)n  of   Major  v'^oi)er,  a   board   was  crc-aied   on   April 

determine  the  nature  of  the  disease  causing  the  unu>u;illy  large  number  ot 

issions  to  the  Post   Ilosi)ital   with  the  diagnosis,  "fever.  ty])e  uii'lelenniued,'" 

luenza,"  etc.     Tliis  board   has  not   \ el    finished   its  work.      The  appear.inee  of 

epidemic  in  \arious  organi/;itions  of   the  dtli    l)i\ision    w.as    -o   ne.nly    sunul- 

ous  as  to  sui/uot  that  a  common  cause  was  oper.iting  or  tba.t   the  disease  was 
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spreading  with  great  rapidity.  The  first  recorded  notice  of  the  disease  was  in 
the  51st  Infantry  on  March  18.  Three  days  later  it  was  recognized  in  the  52nd 
Infantry  and  the  15th  Machine  Gun  Battahon.  On  March  25,  the  16th,  17th, 
18th,  and  19th  Machine  Gun  Battahons  encountered  it.  The  lllh  Infantry  was 
infected  on  March  26,  and  the  Camp  Quartermaster's  Office  on  March  28;  the 
11th  Cavalry  on  March  30,  and  the  53rd  and  54th  Infantry  on  April  1.  Camp 
A\"arden  McLean  seems  not  to  have  been  visited  by  the  epidemic  until  April  7; 
by  the  9th,  200  cases  of  more  or  less  severity  had  occurred  there. 

The  possibility  that  the  disease  wdiich  has  just  become  epidemic  has  longj 
existed  in  these  camps  in  sporadic  form,  but  has  not  hitherto  attracted  notice! 
because  of  its  infrequence,  has  received  careful  consideration.  At  first  iherei 
seemed  much  to  recommend  this  theory.  Clinicians  on  the  hospital  staff  claimed' 
to  have  seen  the  disease  at  times  since  the  summer  of  1917.  They  say  ^hat  ii 
became  rather  prevalent  in  September.  It  is  believed  by  some  that  the  germ  oij 
influenza,  like  that  of  some  other  diseases,  is  constantly  present  in  every  large! 
community;  that  it  is  not  always  virulent,  but  under  certain  conditions  it  ac- 
quires increased  virulency. 

If  the  organism  w^hich  has  caused  the  present  epidemic  has  long  been 
existence  in  the  r)glethorpe  camps,  it  is  not  apparent  why  it  has  suddenly  be 
come  so  active.  It  would  seem  that  the  conditions  for  its  epidemic  prevalenc 
have  existed  for  a  long  time.  Recent  weather  conditions,  uncomforlable  a 
they  have  been,  have  not  been  so  disagreeable  as  they  were  in  January.  Tl 
theory  that  the  explosion  is  of  local  origin  needs  a  better  explanation  than  cail 
apparently  be  given  it. 

Studies  by  Major  Soper  have  been. made  to  ascertain  whetiier  the  state  o 
the  weather  was  in  any  way  accountable  for  this  epidemic.  This  inquiry  cover 
the  period  from  March  1  to  April  13,  approximately  three  weeks  before  th 
epidemic  began  and  more  than  three  weeks  later ;  44  days  in  all.  For  the  si 
weeks'  period  there  w^as  less  than  half  the  amount  of  sunshine  which  was  po- 
sible.  On  11  days  there  was  1/5  or  less  of  sunshine  which  would  have  occurre 
had  the  days  been  perfectly  clear.  On  9  days  the  sun  was  obscured  during  9 
per  cent  of  the  time.  The  mornings,  evenings  and  nights  were  misty ;  the  da 
was  generally  well  advanced  before  the  sun  appeared.  The  days  were  fair! 
mild,  but  nights  and  mornings  were  damp  and  chilly.  The  highest  temperatui 
on  any  day  was  82.  It  was  warmer  than  75  degrees  seven  times;  over  65  d' 
grees  twenty-five  times,  and  over  55  degrees  thirty-eight  times,  or  nearly  evei 
day.  The  mean  daily  temperature  was  always  under  75  degrees  or  less,  aboi 
as  often  as  it  was  higher  than  that  figure.  The  minimum  daily  temperature  w; 
45  degrees,  or  less,  half  the  time.  On  11  days  the  mercury  fell  to  40  or  unde 
These  temperatures  would  not  have  been  in  the  least  uncomfortable  had  t! 
weather  been  less  humid.  There  was  a  sudden  drop  in  temperature  on  the  9 
of  March.  On  the  evening  of  that  day  the  thermometer  fell  from  68  degre 
at  7:00  p.m.  to  38.8  at  7:00  a.m.,  or  30  degrees  over  night.  The  fall  was  f( 
lowed  by  a  rise  to  76  degrees  and  then  by  a  droj:^  of  14  degrees  to  62.  On  Mar 
14,  the  temperature  fell  from  71  to  60  in  ten  minutes.  Another  fall  of  9  degre 
this  time  of  from  72  to  63,  occurred  on  the  morning  of  April  3. 

The  relative  humidity   in  the  morning  at  7 :00  o'clock  was  nearly  60 
cent  or  over.     For  nearlv  three-fourths  of  the  time  it  was  70  or  more.     On 
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out  of  the  44  days  the  humidity  reached  80  or  more  in  the  morning.  The  hu- 
midity was  somewhat  less  in  the  evening.  It  was  70  per  cent  or  more  about 
one-fourth  of  the  time.  About  one-third  of  the  time  it  was  60  or  more.  At  noon 
a  humidity  of  60  per  cent  occurred  nearly  one-half  the  time,  70  per  cent  over 
one-third  of  the  time  and  80  per  cent  about  one-fifth  of  the  time.  These  hu- 
midities were  not  remarkable  in  themselves.  Considered  in  connection  with 
the  temperature  they  were  of  a  sort  to  aggravate  respiratory  afifections. 

The  weather  was  cloudy,  damp  and  chilly.  It  was  not  cold  nor  wet,  but 
[  the  nights  and  especially  the  mornings  were  decidedly  damp  and  uncomfort- 
[  able.  The  difference  between  the  air  indoors  and  out  was  marked.  Drafts 
j  were  particularly  noticeable. 

I  Reviewing  these  facts  about  the  weather,  it  can  not  be  said  with  certainty 

jthat  the  conditions  of  temperature  and  humidit)'  have  had  much  to  do  with  the 
'epidemic,  nor  can  it  be  denied  that  they  played  an  important  part  in  predispos- 
ing the  troops  to  attack.  Obviously  the  weather  conditions  have  led  the  men 
to  gather  indoors  where  they  have  been  especially  exposed  to  infection  from 
one  another,  and  it  has  had  a  chilling  effect  which  is  an  important  factor  in 
the  progress  of  all  respiratory  infections. 

An  inquiry  was  made  to  ascertain  whether  the  troops  were  exposed  to  an 
unusual  extent  to  the  weather,  to  excessive  fatigue,  or  in  any  other  way  before 
:)r  after  the  epidemic  started.  This  line  of  investigation  brought  no  suggestive 
nformation  to  light. 

No  exceptional  prevalence  of  influenza  or  other  similar  infectious  disease 
las  existed  in  Chattanooga  or  in  the  extra  cantonment  zone.  An  effort  was 
nade  to  shed  light  on  the  identity  of  the  disease  by  studying  the  record  of  other 
ases  of  sickness  which  had  been  sent  to  the  hospital  under  the  designations  of 
fever,  type  undetermined"  and  "influenza"  during  the  six  months  preceding 
he  epidemic.  These  designations  have  never  been  definite ;  they  have  seldom 
een  based  on  conclusive  evidence  at  the  hospital.  Bacteriological  examinations 
ave  seldom  proved  the  influenza  bacillus  to  be  the  causative  agent  of  the  cases 
ailed  "influenza."  From  time  to  time  this  bacillus  had  been  found  in  the  secre- 
ons  of  the  nose  and  throat  of  troops,  but  has  not  been  proved  to  be  the  cause 
1  any  large  amount  of  sickness.  "Fever.  t\])e  undetermined"  and  "influenza" 
ave  been  merely  conxcnient  expressions  by  whicli  to  designate  cases  ot  an  in- 
stermine  sort  which  demanded  treatment  and  had   to  be  called  something. 

Of  a  series  of  l()\  cases  of  "fever,  type  undetermined"  sent  to  the  hospital 

lore  the  present  epidemic  broke  out,  59  turned  out  to  be  bronchitis  and  41 

irumonia  ;  ^1    were  called   "iiiMuenza."      In   some  instances  "fe\er,   lyi)e  unde- 

iimined"  has  been  found  to  be  measles,  scailet  fever,  otitis  media  and  menin- 

|tis.     Out  of  180  cases  diagnosed  "influenza"  at  the  regiments.  150  turned  out 

the  hospital  to  be  some  other  diseas('. 

!      It    is    probable    that    the    epidemic    disease    was    recently    brought    to    these 

iiTips.      li    it    is    genuine    influenza,    and    the    epidemiological    teatures    no    less 

n  the  leading  svmi)toms   seem   to   point   \n  that   disease,   there   is   lu're  ollered 

most   reasonable   explanation   of   the   outbreak    which    is    now    possible.      .\o 

•I"  disease  sjjreads  so  fast  or  is  so  prostrating,  considering  its  symptoms.     In- 

'iiza  may  be  nearl\-  explosixe   in   ch.ir.icter.   it   s])rtads  as   rapidly  as  |)ersonal 


564  THE    JOURXAIv    OF    LABORATORY    AND    CLINICAL    MEDICIND 

communication  permits.  Personal  contact  is  intimate  in  the  Oglethorpe  camps, 
especially  between  men  in  companies  and  regiments.  To  some  extent  the  regi- 
ments keep  separate,  but  there  is  a  general  mixing  at  places  of  amusement  in 
camp  and  Chattanooga.  It  is  worthy  of  remark  that  the  regular  Officers'  Train- 
ing Camp  is  an  organization  which  mingles  but  little  with  others  in  the  Ogle-| 
thorpe  camps,  and  that  here  the  epidemic  was  late  in  appearance.  The  same 
may  be  said  of  a  part  of  Camp  Greenleaf.  The  War  Prison  Camp  is  entire!}] 
separate  and  escaped  infection.  The  epidemic  seems  to  have  burned  out  foj 
want  of  suitable  material,  probably  with  the  gradual  but  rapid  decrease  in  virui 
lence. 

Reviewing  the  whole  subject,  it  may  be  said  that  an  epidemic  of  influenzal 
disease  became  prevalent  in  the  Oglethorpe  camps  toward  the  latter  part  o[ 
March,  1918.  The  identity  of  the  disease  has  not  been  positively  determine 
after  nearly  a  month  of  observation.  It  may  have  been  an  outburst  of  a  fori 
of  sickness  which  has  long  existed  in  sporadic  form  in  these  camps.  It  ma 
have  been  brought  to  the  camps  from  outside.  The  weight  of  evidence  is  i 
favor  of  the  latter  theory.  Such  laboratory  evidences  as  may  be  available  upo 
this  point  will  be  reserved  for  the  initial  report  of  the  board  which  was  create 
on  April  3  in  order  to  determine  the  identity  of  the  disease. 

It  is  a  highly  infectious  disease  with  a  short  period  of  incubation.  Tit 
weather  has  encouraged  the  epidemic,  but  is  not  apparently  responsible.  Tl' 
disease  is  respiratory  in  type,  with  a  strong  resemblance  to  influenza  in  some  ^ 
its  most  characteristic  symptouT^,  as  note  the  fever,  pain  in  the  Ijack  and  le; 
and  great  prostration. 

The  cause  of  the  rapid  spread  undoubtedly  lies  in  the  great  infecti\"ity 
the   causative   agent,    its   short    period    of    incubation    and    the    intermingling 
the  troops.     One  thing  seems  clear,  the  disease  could  never  spread  unless  t 
buccal  or  nasal  discharge  of  the  sick  got  into  the  mouths  or  nose?  of  susceptil 
persons.     The  nature  of  the  epidemic  seems  to  show  the  extent  to  which  tl 
interchange  takes  place  under  the  conditions  which  surround  these  troops. 

—V.  C.  V. 


Epidemic  Meningitis  and  Its  Treatment 

THE  belief  that  epidemic  cerebrospinal  meningitis  is  essentiall}'  a  prim } 
infection  of  the  meninges  has  been  generally  accepted  despite  the  very  i'- 
vious  clinical  symptoms  which  would  seem  to  point  in  a  different  direction,  <M 
despite  the  fact  that  a  consideration  of  the  route  by  which  the  organisms  m- 
follow  in  order  to  reach  the  meninges  would  seem  to  suggest  the  probabi,) 
that  the  blood  stream  would  be  primarily  involved.  \\'hen  symptomatology  jiQ 
pathogenesis  are  taken  together  the  logic  is  entirely  in  favor  of  the  prim 
septic  nature  of  the  disease. 

It  is  just  as  Herrick^   says, — "the  meningeal   aspect  of   meningococcus 
fection  has  usurped  such  a  prominent  place  in  the  commonly  accepted  idea^^f 
the  nature  of  epidemic  cerebrospinal  meningitis,  that  important  facts  have  Ip" 
kept  in  the  background.     The  very  name  of  the  disease  and  of  the  causaiV'^ 
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organism  have  gi\en  undue  prominence  to  a  single  manifestation  of  the  con- 
dition." The  conception  that  meningococcus  infections  are  primarily  septic  con- 
ditions and  that  the  meningitis  is  a  secondary  affair  has  been  expressed,  but,  as 
Herrick  says,  it  has  never  been  adopted  as  a  working  basis  for  early  diagnosis 
and  treatment.  'J'his  is  true  to  such  a  degree  that  the  premeningitic  stage  of  the 
disease, — the  period  of  the  disease  prior  to  the  time  when  localization  occurs, — • 
has  been  practically  disregarded.  It  is  upon  this  stage  of  the  disease  and  upon 
treatment  during  it  that  Herrick  dwells  in  his  account  of  his  experience  with 
208  cases  at  Camp  Jackson. 

The   facilities   for  the   study  of  these  cases  at   Camji  Jackson,   while   rudi- 
mentary  in   the   extreme  in  some   respects,  were   in   other  ways   ideal.      It   was 
realized   by  the   Division   Surgeon  that  good   results   would  depend   upon  early 
diagnosis  and   treatment,   and   therefore  he   instructed   the   regimental    surgeons 
I  to  refer  at  once  to  the  Base  Hospital  all  men  complaining  of  headache,   fever, 
i  vomiting,  or  other  suggestive  s}m])toms.     Such  a  system  would  insure  not  only 
[getting  the  cases  of  meningitis  at  an  early  stage,  but  would  also  make  it  pos- 
sible to  catch  cases  of  other  infections.     The  result  of  this  order  was  that  a 
very  unusual  number  of  earl}'  cases  of  micningitis  were  made  available  for  study. 
The  major  results  of  the  study  are  summarized  as  follows:     The  earliest 
stage  of  the  disease  is  brief  and  lasts  on   an   average  about  48  hours,   during 
which  the  .symptoms  are  those  of  a  generalized  infection.     In  some  cases  this  is 
the  only  stage  and  the  disease  is  of  the  abortive  type,  or,  in  exceptional  instances 
of  the   fulminating  type  without  meningeal   symptoms.     One- half   of   Herrick's 
cases  were  recognized  in  this  "premeningitic  period."     In  a  very  large  proportion 
if  the  cases  there  was  an  associated  upjier  respirator}-  tract  disturbance,  a  phe- 
nomenon  of   such    frequent  occurrence   that,   as   Herrick,    Medlar,-   Alink,'   and 
'Thomsen  and  Wolff*  have  suggested,  it  is  no  mere  coincidence.     Of  the  early 
■Mnptoms  the  skin  manifestations  are  most  important.     The  predoniinani   skin 
-ign  is  a  i)etechial   rash   which   appears   about  the   shoulder  or  ])elvic   girdle   if 
ii   all,  and  next   in   frequency,  over  the  trunk,   extremities,    face,   oral,   mucosa 
iiid  conjuncti\a.     It  appears  with  astonishing  rapidity  in  crops  and  in  some  o1 
lie  severe  cases  the  patient  becomes  well   dotted  within  an   hour.     In   the  i)res- 
■iice  such  a   raj^dlv   developing  hemorrhagic   rash    is   diagnostic.      Pur])ura   is  a 
'  ature  of   fulminating  cases. 

Next  to  the   rash   the   most   imjxjrtant   symi)toms   are   moditicalions   of   the 

•  Hexes,  especially  nitCijual  enhancement  of  the  deep  reflexes.     Also  slight  chills 

'c  present  and  headache  is  present  in  85  per  cent  of  the  cases.     In  the  pres- 

<■  of  a  combination  of  an\-  two  of  the^t-  su-jiicious  s}inptom<  a  lumbar  i>unc- 

,ure  is  done  and   the   fluid,   cxcn   if   it    is   clear,  comes   out   under   slight    increase 

If  pressure  and  mav  show  a  normal   cell   count.      I /mg  centrifugation    followed 

V  careful   examination  of  the   sediment   will   usuall}-    re\eal   a    tew   p;iir^  ol    the 

'i.      If  examination   of   the   fluid    flrst   obtained    is   not   productive,   a   second 

"'■ture  is  made  shortly  after  it,  and  in  this  the  organisms  will  be   found.      At 

li-^   ver\-    earl\-    stage   of    the   disease    liaeslack '   and    his   associates    li;i\e    tmnid 

ii'ninj^rococci  in  the  blood  •stream  in  .^<>  yvr  ct-nl  of  tin-  cases  examined. 

Herrick  describe>   four  t\])e-  of  uu'ningococcic   sejisis,   as   follows: 

The  aborti\e  type.      A   mild.   N\-teniii-  disturbance'   without   ;i   local    focus  ot 
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suppuration.  In  this  the  diagnosis  depends  upon  a  demonstration  of  the  or- 
ganisms in  the  spinal  fluid,  blood,  nasopharynx,  or  conjunctiva.  The  importance 
of  cases  of  this  type  is  chiefly  epidemiologic  because  they  are  a  menace  to  sus- 
ceptible contacts. 

The  ordinar}'  type.  In  this  the  symptoms  of  meningitis  develop  graduallv, 
unconsciousness  is  rare,  and  the  course  may  be  prolonged.  The  chief  emphasi- 
is  upon  the  meninges.  Hydrocephalus  is  a  danger  and  the  response  to  intra- 
venous serum  therapy  is  often  less  prompt  than  in  the  more  severe  cases. 

The  severe  type.  In  this  there  are  all  the  evidences  of  a  severe  toxemia 
The  petechial  rash  appears  with  great  rapidity.  Death  may  occur  before  me- 
tastasis takes  place.  The  response  to  serum  therapy  by  the  intravenous  method 
is,  as  a  rule,  prompt.  Intraspinous  serum  treatment  alone  is  usually  insuffi 
cient.  Diagnosis  in  the  premeningitic  stage  is  usually  possible,  and  blood  cul- 
tures are  usually  positive.  I 

The  fulminating  type.  In  this  as  a  rule  meningitis  is  not  present.  Purpura] 
is  characteristic.  Death  is  usually  exceedingly  prompt,  and  serum  treatment 
is  commonly  ineftective. 

Herrick  has  worked  out  the  following  method  of  procedure  as  the  resuli 
of  his  study  of  208  cases :     On  admission  a  patient  presenting  any  combinatior 
of  the  very  early  symptoms  is  immediately  subjected  to  lumbar  puncture.     V 
the  fluid  is  cloudy  enough  it  is  removed  to  reduce  the  intraspinous  pressure  to  ai 
approximate   normal   and   a  less   amount   of   serum   is   at   once   allowed  to   rui 
into  the  spinal  canal.     If  the  fluid  is  clear  no  intraspinal  injection  is  made.     Th( 
fluid  is  rushed  to  the  laboratory  in  a  thermos  container  and  immediately  examj 
ined.     In  the  meantime  the  patient  receives  a  desensitizing  dose  of  serum.     On? 
hour  later  50-120  c.c.  of  serum  are  given  by  vein,  the  first  15  c.c.  at  the  ratj 
of  1  c.c.  per  minute.     In  cases  of  ordinary  severity  this  dose  is  repeated  ever;' 
twelve  hours  until  the  temperature  becomes  normal  or  until  six  to  eight  dose 
have  been  given.     In  severe  cases  serum  is  repeated  every  eight  hours  until  th 
desired  results   are   produced.     For   further  details  the   original   article   shoul 
be  consulted. 

The  results  of  this  procedure  in  treatment  are  that  the  total  mortality  i 
the  208  cases  was  26  per  cent.  In  129  cases  treated  by  intraspinal  meihods  alon 
or  with  but  small  doses  by  the  veins,  the  mortality  was  31.7  per  cent.  Iii  7 
cases  treated  with  the  larger  doses  of  serum  by  the  intravenous  method  an 
with  average  doses  intraspinally  the  mortality  was  16.4  per  cent.  The  mil 
cases  do  well  with  either  method.  In  the  severe  cases  the  intravenous  metho 
was  especially  brilliant.  Intravenous  therapy  had  the  additional  value  ov( 
the  older  methods  in  that  it  reduced  complications.  Thirty-one  per  cent  of  tl 
cases  treated  by  the  older  method  developed  complications.  In  the  group  n 
cei\ing  the  larger  intravenous  doses  the  percentage  of  complications  was  fourtee 

—P.  G.  W. 
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Epidemic  Bronchitis  at  Fort  Oglethorpe,  Georgia 

MAJOR  GEORGE  A.  SOPER,  S.  C,  N.  A.,  has  made  a  report  upon  epidemic 
bronchitis  at  Fort  Oglethorpe.     The  following  is  an  abstract  of  the  same : 
Bronchitis  has  been  well-nigh  universal  in  the  Oglethorpe  group  of  camps. 
Within  ten  days  after  their  arrival   newcomers  have  generally  been   attacked, 
the  symptoms  often  being  pronounced  from  the  start.     Sneezing  and  coughing 
'  are  early  signs.    In  the  barracks,  mess  halls,  lecture  rooms  and  places  of  amuse- 
jment,  during  November,   December  and  January  there  was   seldom  a  moment 
when  coughing  was  not  noticeable  and  continuous.     It  is  estimated  that  80  per 
'cent  of  all  the  troops  were  alTected.    The  epidemic  abated  in  February  with* the 
iadvent  of  warm   weather.     Laboratory   findings   do   not  agree  that  any   single 
{organism  has  been  the  cause.     Streptococci,  staphylococci,  influenza  bacilli  and 
iother  organisms  found  in  the  noses  and  throats  of  healthy  people  and  sometimes 
{associated  with  disease  have  been  isolated,  but  not  under  circumstances  which 
jhave  led  to  any  of  these  germs  being  demonstrated  as  the  microbic  cause  of  the 
ibronchitis.     The  infectious  m.atter  has  passed  from  person  to  person,  probably 
in  three  ways :     First,  men  have  talked  with  one  another  at  close  range,  per- 
mitting mouth  germs  to  be  projected  directly  into  one  another's  faces.     In  the 
?econd  place,  there  has  been  a  general  impregnation  of  the  atmosphere  in  con- 
fined spaces.     In  the  third  place,   articles  handled  by  the  infected  have  been 
:ransmitted  to  others.     In  these  ways  the  amount  of  infectious  matter  which 
las  passed  from  person  to  person  must  have  been  large  and  with  lowered  resist- 
ince,  the  infection  has  rapidly  spread. 

Predisposing  and  contributing  causes  existed  to  some  extent.     The  weather 

vas  unfavorable.     Changes  in  the  temperature  were  frequent  and  marked.     The 

rround  was  cold,  the  air  damp  and  the  nights  cold.     Often  men  did  not  have 

liy  shoes  for  weeks  at  a  time.     Some  spent  the  entire  winter  in  khaki.    The  men 

hemselves  were  ignorant  of  simple  personal  precautions  which  might  greatly 

lave  lessened  their  chances  of  infection.     All  of  the  severe  cases  have  gone  to 

he  hospital.     The  universal  prevalence  is  significant  both  on  its  own  account, 

nd  because  of  the  light  which  it  throws  upon  the  spread  of  other  respiratory 

iseases  in  these  camps.     Although  most  persons  regard  bronchitis  with  com- 

arative  indifference,  it  is  a  disease  of  much  significance.     It  is  the  common  say- 

ig  among  the  troops  that  the  "bronchial  cold"  which  attacks  them   soon  after 

lieir  arrival  remains  with  them  as  hmg  as  they  stay  in  camp.     Its  characteristic 

jard,  explosive  cough  remains  after  other  symptoms  have  disappeared.     For  the 

nic  it  often  unfits  a  man  for  duty  and  there  are  few  sufiferers  whose  efficiency 

I-  not  been  imi)aircd  by  it.     The  bronchial  pneumonias  of  these  camps  have 

■en  frequent   sec|uehx  to  bronchitis.     AX'hether  bronchitis  renders  a  man  espe- 

Ially  susceptible  to  other  acute  rcs])irat()ry  diseases  is  a  question  of  mucli  in- 
Test.  Like  pneumonia  one  attack  docs  not  protect  against  others,  bui  on  the 
•ntrary  seems  to  predispose  its  victim  to  subsequent  attacks.  It  is  not  at  all 
"bable  that  bronchitis  increases  resistance  to  measles,  scarlet  fo\cr,  pneumonia 
id  other  such  diseases.  The  part  which  bronchitis  may  play  in  the  spread  of 
'her  rcspiratorv  infections  gives  reason  for  regarding  it  as  a  camji  disease  of 
'■  utmost   importance.     A  carrier  of  meningitis  may  be   relatively   lianuK'ss   so 
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long  as  he  is  in  good  health,  for  then  the  germs  which  he  harbors  are  fairlyl 
well  locked  up  in  his  nose  and  in  his  throat,  but  when  he  experiences  an  attack] 
of  bronchitis  he  sneezes  and  coughs  and  at  each  ])aroxysm  germs  are  shot  into' 
the  air.  Therefore,  it  is  reasonable  to  sujjpose  that  measles,  scarlet  fever  ana 
other  respiratory  diseases  ha\e  been  spread  by  bronchitic  soldiers.  It  mav  be 
asked  if  the  exchange  of  bacteria  from  the  nasal  pharynx  is  so  general,  why  i^ 
it  that  more  sickness  has  not  occurred.  The  answer  probably  is  that  most  robust 
soldiers  possess  a  fair  degree  of  immunity  acquired  either  by  one  attack  as  in  t\i(! 
case  of  measles,  or  by  frequent  exposure  without  suffering  from  the  disease. 

The  bronchitis  which  has  prevailed  in  these  camps  may  be  designated  as  aiJ 
acufe  infectious  inflammation  aft'ecting  in  rapid  succession  downward  the  naso 
pharynx,   the   larynx,   trachea,   and  first   and   second   divisions   of   the   bronchia 
mucosa.     The  symptoms  are  coryza,  chilly  sensations,  hoarseness  and  sorenes; 
of   throat,   weakness,   muscular   soreness   and    slight   fever    (100  to    101°).      Ii' 
severe  cases  the  temperature  may  rise  to  103     with  a  correspondingly  rapid  pulse 
accompanied  by   substernal   soreness   and   tightness   of   the   chest.      At   first  thi 
cough  is  dry  and  unproductive.     It  frequently  occurs  in  paroxysms  causing  mus 
cular  pain  and  soreness  along  the  costal  margin  at  the  attachment  of  the  dia 
phragm.     On  the  third  or  fourth  day,  as  a  rule,  the  cough  loosens  and  expectora 
tion  appears.     At  first  it  is  scanty  and  mucous,  later  it  is  abundant  and  muco 
purulent.     Only  negative  results  are  obtained  on  palpation  and  percussion.     (J 
auscultation  sibilant   rales  may  be  noted,   except   when   resolution  begins,  whe 
fine  and  coarse  mucous  rales  are  to  be  heard.     The  breath  sounds  are  harsl 
Bronchitis  may  be  associated  with  other  diseases  such  as  measles,  mumps  a 
scarlet   fever.     AMien  not  complicated,   reco\'ery  occurs  at  best  within  a  weel- 
although  a  chronic  form  may  supervene  and  continue  for  months. 

Although  chronic  bronchitis  as  seen  in  the  quarantine  camps  is  believed  t 
be  a  definite  entity,  it  is  not  always  so  diagnosed.  Cough,  elevation  of  temper; 
ture  and  muscular  soreness  accompany  acute  nasopharyngitis  and  tracheolaryi 
gitis  as  frequently  as  bronchitis.  A  positive  diagnosis  of  bronchitis  is  impossibl 
unless  harshness  of  breath  sounds,  sibilant  and  sonorous  rales  are  audible,  or  in 
stage  of  resolution,  fine  and  coarse  mucous  rales  are  heard.  Many  cases  are  dia 
nosed  as  bronchitis  from  the  symptoms  alone. 

Pneumonia  is  not  frequentl}'  preceded  by  acute  bronchitis,  and  acute  bro: 
chitis  rarely  terminates  in  pneumonia  except  when  it  accompanies  mea.sles. 
measles  there  mav  be  an  extension  to  the  terminal   bronchi,  and  the  intercor 
municating  air  cells,  under  which  circumstances  bronchopneumonia  develops 

It  is  claimetl  by  some  that   acute  bronchitis  can   frequently  be  arrested  : 
its  early  stages  by  the  local  application  of  silver  nitrate,  40  grams  to  the  ounc 
This  solution  is  applied  to  the  tonsils  and  erythematous  areas  in  the  pharyn 
Nasopharyngeal   treatment   by   sprays   is   also   useful   by  limiting   the   source 
sup]ily  of  infectious  material  which  is  generated  in  the  nasopharynx. 

— r.  C.  V. 
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Procaine  and  Novocaine  Identical 


To  THE  Editor  : 


It  appears  that  in  certain  quarters  the  attitude  is  taken  that  the  local  anesthetic 
sold  as  Procaine  is  not  identical  with  that  marketed  as  Novocaine.  The  Sub- 
committee on  Synthetic  Drugs  of  the  National  Research  Council  believes  it  im- 
portant that  this  misunderstanding  should  be  corrected  and  hence  offers  the 
following  explanation  : 

The  monohydrochloride  of  para-amino-benzoyldiethylamino-ethanol,  which 
was  formerly  made  in  Germany  by  the  Farbwerke,  vorm.  Meister,  Lucius  and 
Bruening,  Hoechst  A.M.,  and  sold  under  the  trademarked  name  Novocaine,  is 
now  manufactured  in  the  United  States.  Under  the  provisions  of  the  Trading 
with  the  Enemy  Act,  the  Federal  Trade  Commission  has  taken  o\  er  the  patent  that 
gave  monopoly  for  the  manufacture  and  sale  of  the  local  anesthetic  to  the  German 
corporation,  and  has  issued  licenses  to  American  concerns  for  the  manufacture 
of  the  product.  This  license  makes  it  a  condition  that  the  product  first  introduced 
under  the  proprietary  name  ''Novocaine"'  shall  be  called  Procaine,  and  that  it  shall 
!  in  every  way  be  the  same  as  the  article  formerly  obtained  from  Germany.  To  in- 
sure this  identity  with  the  German  Novocaine,  the  Federal  Trade  Commission  has 
submitted  the  product  of  each  firm  licensed  to  the  American  Medical  Association 
Chemical  Laboratory  to  establish  its  chemical  identity  and  purity,  and  to  the  Cor- 
nell pharmacologist,  Dr.  R.  A.  Hatcher,  to  determine  that  it  was  not  unduly  toxic. 
vSo  far.  the  following  firms  ha\e  been  licensed  to  inanufacture  and  sell  Pro- 
caine : 

The  Abbott  Laboratories,  Ravenswood,  Chicago. 

Farbwerke-Hoechst  Company,  New  York,  N.  Y. 

Rector  Chemical  Co.,  Inc.,  New  York,  N.  Y. 

Calco  Chemical  Company,  Bound  Brook,  N.  J. 

Of  these,  the  first  three  firms  are  offering  their  products  iov  sale  at  this  time. 
and  have  secured  their  admission  to  New  and  Nonofficial  Remedies  as  brands  of 
Procaine  which  comply  with  the  New  and  Nonofficial  Remedies  standards. 

\\'hile  all  firms  are  reqinred  to  sell  their  product  under  the  official  name 
Procaine, "'  the  Farbwerke-Hoechst  Com])an\-  is  permitted  to  use  the  tradt'  desig- 
ilion  "NoNocaine"  in  addition,  since  il  holds  the  right  to  this  designation  by  \  irtue 
!  trademark  registration. 

In  conclusion:  Procaine  is  identical  with  the  substance  fir:-l  inli-oihiccd  as 
ovocaine.  In  the  interest  of  rational  nomenclature,  the  first  term  should  be  used 
1  prcscri])tions  and  scientific  contributions.  If  it  is  deemed  necessary  to  desig- 
•ile  the  product  of  a  particular  firm,  this  may  be  done  by  wi-ilmg  Pi-ocainc- Abbott, 
'locaine.-Kector,  or  Procainc-Farbw  erkc  I  oi"  Procaine   jXoxocaine  brand  |  ). 

Julius  Stieglitz.  Ch.airman, 

S\iln-.>nimiltii'    Mil    SvntlK'lir    I  )iu,!.;s,    .\;iti()M:il    Ki'scarrli    C'oiiiu-il. 

■  iMTok's  XoTK  : 

The  Federal  Trade  Conuni>>ion  reconimeii(L  llie  u^e  ot    the  olhcial   name  ot 
'■  licensed  drugs  in  connection  with  all   w  rillen  arlicK-s  and  adx  eili-^emi-nl^,  and 
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if  the  proprietary  brand  name  is  to  be  used,  to  place  this  side  by  side  with  the 
official  name. 

The  official  names  so  far  adopted  by  the  Federal  Trade  Commission  are  : 

Arsphenaiiiiiie  for  the  drug  marketed  as  Salvarsan,  Diarsenol,  and  Arseno- 
benzoi,  etc. 

NeoarspJicnani'uic  for  the  drug  marketed  as  Neosalvarsan,  Neodiarsenol  and 
Novarsenobenzol,  etc. 

Barbital  for  the  drug  marketed  as  Veronal. 

Barbitals  odium  for  the  drug  marketed  as  Medinal  and  Veronal-Sodium. 

Procaine  for  the  drug  marketed  as  Novocaine. 

Procaine  Nitrate  for  the  drug  marketed  as  Novocaine  Nitrate. 

Phenylcinchoninic  Acid  for  the  drug  marketed  as  Atophan. 
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TOLERANCE  AND  IMMUNITY 

By  John  L,.  March  and,  M.D.,  Prinsapolka,  Nicaragua,  C.  A. 


VAUGHAN  demonstrated  some  fifteen  years  since  that  the  protein  poison 
was  a  fact  to  be  reckoned  with  in  immunolog}' ;  that  the  effects  of  this 
poison  on  the  experimental  animal  could,  under  certain  conditions,  be  other  than 
deleteriously  toxic.  The  rather  voluminous  literature  of  particularly  the  last 
two  or  three  years  on,  especially,  the  treatment  of  typhoid  fever,  the  arthritides 
and  certain  skin  affections  with  nonspecific  proteins,  and  with  protein  precipitat- 
ing substances,  administered  in  such  manner,  and  in  such  dosage,  as  to  elicit 
jthe  maximum  toxic  reaction  compatible  with  the  welfare  of  the  patient,  offers 
undisputable  evidence  of  the  correctness  of  Vaughan's  advancements.  This 
authority,  however,  is  either  utterly  ignored,  or,  for  the  most,  misquotoc!  when 
his  work  is  mentioned  at  all. 

Thus  Miller,-  one  of  the  very  few  who  mentions  Vaughan's  work,  which 
he  does  in  connection  with  his  treatment  of  the  arthritides  with  tyjihoid,  and 
other  proteins,  given  intravenously,  misquotes  him  flagrantly  when  he  states 
that  the  latter  "observed  that  it  was  possible  to  produce  in  animals  a  transitory 
immunity  to  the  colon  bacillus  by  using  peptone  and  egg-allnunin,  and  that  this 
mmunity  was  ai)parentlN'  ecjual  to  that  following  immunization  by  the  colon 
iiacilli." 

Now,  while  it  is  quite  true  that  \'augli;;n  did  make  use  of  ])eptone.  egg- 
jilbumin  and  colon  bacilli,  these  diff'erent  proteins  were  employed  in  this  in- 
tance  merely  for  the  purpose  of  extracting  their  cell  poisons  and  for  obtaining 
heir  cell  residues.  It  was  zvith  these  poisons  and  residues,  and  not  li-ith  the 
'proteins  themselves,  that  the  series  of  experiments,  undoubtedly  referred  /<)  by 
filler,  were  conducted.^  It  is  also  true  that,  a  few  years  pre\iousl\-,  attempts 
■  id  been  made  to  produce  an  imnumit\'  with  the  cellular  sub^la^ce  of  the  enlon 
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bacillus;  but  this  preparation  proved  so  toxic,  and  the  results  of  its  administra- 
tion so  evanescent,  that  it  was  concluded  that  the  capability  of  the  animal  to 
bear  increased  doses  "was  not  sufficiently  marked  to  be  designated  by  the  term 
immunity,  and  it  was  decided  to  recognize  it  as  an  increased  tolerance."'  Xo 
comparative  studies  with  the  other  proteins  named  above,  however,  were  made 
at  this  time;  but  it  is  of  great  interest  to  note  that  it  was  the  then  unrecognized 
phenomena  of  sensitization  which  principally  interfered  with  the  drawing  of 
definite  conclusions  from  this  earlier  work. 

As  a  result  of  this  later  work,  however,  very  definite  conclusions  were 
drawn.  It  was  found  that  the  cell  poisons  sensitized  neither  to  themselves  nor 
to  the  proteins  from  which  they  were  derived,  but  that  they  did  produce  a  cer- 
tain tolerance,  when  introduced  parenterally  into  the  experimental  animal,  in 
properly  gaged  and  properly  spaced  doses,  which  enabled  these  animals  to  with- 
stand from  two  to  three  times  the  dose  invariably  fatal  to  the  untreated  animal ; 
and,  furthermore,  it  was  clearly  demonstrated  in  this  series  of  experiments  that 
animals  thus  treated  with  either  the  cell  poison  of  the  colon  bacillus,  with  that 
from  peptone  or  with  that  from  egg-albumin  acquired,  in  addition  to  this  toler- 
ance, a  certain  degree  of  immunity  to  inoculation  with  the  living  germ  which 
enabled  them  to  survive  from  two  to  four  times  the  ordinarily  fatal  dose  of  the 
virus. 

Quite  in  contrast  with  the  cell  poisons  the  cell  residues  proved  to  be  ideal 
sensitizers,  but  to  produce  no  tolerance.  Animals  sensitized  with  the  cell  resi- 
due of  the  colon  bacillus  acquired  an  immunity  to  inoculation  with  that  virus 
which  enabled  them  to  withstand  at  least  eight  times  the  dose  invariably  fatal 
to  the  untreated  animal ;  but  animals  sensitised  zui'th  the  residues  of  peptone  or 
egg-albumin  showed  no  immunity  to  such  inoculations. 

Tolerance,   therefore,   is   designated  as   a  nonspecific   phenomenon,   in  than 
the  tolerance  produced  by  one  protein  poison  is  a  tolerance  to  other  protein  poi-j 
sons  as  well ;  and  the  transitory  immunity  accompanying,  or  conferred  by,  toler 
ance  is  equally  nonspecific. 

Sensitization,   on   the   contrary,   is   regarded   as   a   specific   phenomenon,  i 
that  the  sensitization  produced  by  the  sensitizing  portion  of   one  protein  is 
sensitization  to  that  protein  alone ;  and  the  immunity  due  to  sensitization,  in  ez'cr 
way  superior  to  that  due  to  tolerance,  is  also  specific. 

In  this  series  of  experiments  two  very  significant  facts  are  to  be  noted : 

1.  In  the  poison  immune  animal,  that  is,  in  the  animal  treated  with  th 
poisonous  portion  of  proteins,  where  a  subsequent  dose  of  a  living  germ  whic 
certainly  would  have  proved  fatal  for  the  normal  animal  had  been  given,  th< 
symptoms  were  absolutely  identical  with  those  following  a  nonfatal  inoculatin; 
dose  given  to  the  untreated  animal.  In  other  words,  to  quote  Vaughan,  "Th( 
similarity  of  the  symptoms  in  the  two  instances  leads  us  to  believe  that  in  al 
probability  we  are  here  dealing  with  an  immunity  which  is  identical  in  charj 
acter  with  that  which  is  usually  spoken  of  as  natural  immunity."  And  natur 
immunity,  which  by  no  means  could  be  called  specific,  is  due  to  a  mechanis 
which  is  at  least  intimately  connected  with  the  phenomenon  of  the  phagocyti 
action  of  the  white  blood  cells. 

The  tendency  today  to  connect  the  results  of  nonspecific  protein  medic 
tion  with  white  cell  changes  is  very  evident  in  recent  publications. 
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2.  \\  hen  we  come  to  consider  the  behavior  of  the  residue  immune  animal 
after  inoculation  with  its  homologous  living  germ  the  reaction  picture  indicates 
an  altogether  different  mechanism.  In  marked  contrast  with  the  normal  ani- 
mal after  inoculation,  where  no  toxic  symptoms  occur  under  an  average  of  eight 
hours,  the  inoculated  residue  immune  animal  shows  marked  symptoms  within 
an  hour.  After  six  or  eight  hours,  however,  the  inoculated  treated  animal  ap- 
pears in  good  condition,  in  comparison  with  inoculated  untreated  controls,  and 
eventually  recovers,  while  the  latter  invariably  die  of  the  infection. 

In  other  words,  the  normal  animal  and  the  poison  immune  animal  react 
identically  after  the  injection  of  the  inoculating  dose  of  virus,  and  not  until 
after  several  hours,  the  former  dying  of  the  infection  and  the  latter  recovering; 
while  the  residue  immune,  the  sensitized,  animal,  when  specifically  inoculated, 
reacts  to  tlie  inoculating  injection  in  a  manner  which  strongly  suggests  by  its 
character  the  reaction  following  an  injection  of  the  protein  poison — that  is,  re- 
acts violently,  within  an  hour,  but  recovers  and  is  not  infected. 

Surely  these  two  immunities  are  not  due  to  the  same  mechanism ! 
The  most  tenable  reason  for  considering  the  reaction  in  the  sensitized  ani- 
mal to  be  due  to  a  specific  proteolytic  mechanism,  and  the  symptoms  of  intoxica- 
tion  to  be  due  to  the  liberation  of  the  cell  poison  of  the  bacterial  protein,  is  to 
be  found  in  the  fact  that,  while  a  reinjection  of  the  cell  residue  is  followed  by 
absolutely  no  toxic  manifestations,  the  cell  residue  containing  no  poison,  a  re- 
injection  of  an  equal  amount  of  killed  homologous  bacterial  substance,  which 
contains  the  poison  in  combination  with  the  other  cellular  constituents  of  the 
bacterial  protein,  is  followed  by  symptoms  identical  with  those  following  an 
injection  of  the  protein  poison. 

These  unrefuted  facts  seem  to  entirely  escape  the  notice  of  those  who  criti- 
i>e  Vaughan's  theory;  while  they  are  met  with  silence  at  the  hands  of  most 
others. 

Clinically,  the  theory  of  protein  sensitization,  the  development,  not  iu   the 

">()d,  but  in  the  fixed  cells  of  the  body,  during  the  course  of  an  infection,  or 

luring  the  course  of  protein  treatment,  of  a  specific  ferment  capable  of  the  cleav- 

-;i-  of  the  infecting  protein,  or  of  one  homologous  to  it,  is  ui)held  by  many  phe- 

'inena;  among  these  may  be  mentioned  that  of  the  focal   reaction,  say.   from 

le  injection  of  tuberculin  in  the  tubercular  subject.     Experimentall\'  it   is  uj)- 

leld,  among  other  i)henomena,  by  that  of  the  response  of  the  plain  muscle  of  tlie 

.irgin  uterus  of  the  sensitized  guinea  pig,  freed  from  all  traces  of  serum,  when 

ouched  with  a  dilute  solution  of  the  sensitizing  jirolein,  as  first  demonstrated 

»y  Dale. 

There  is  nothing  incom]iati!)le  with  this  theory,  howe\ev.  in  the  conre])tion 
'  a  cleavage  of  foreign  proteins  by  the  norniall\'  ])rescnt  feniu'uls  of  citluT 
'■  blood  or  the  fixed  cells.  Indeed,  the  theory  rests  ujion  tlie  ability  ol'  tlu-  iior- 
lal  ferments  to  do  this  very  thing;  and  the  specific  cleavage  action  is  considered 
ather  an  enhanced  abilitv  to  digest  a  certain  protein  than  an  altogether  new 
unction  accjuired  bv  the  bod\-  cell  if  ni\-  interpretation  is  not  a  fault.  Xeitber 
-  there  anything  in  the  theory  which  would  not  include  a  clea\age  of  foreign 
'"tein  by  the  iio]-niall\-  present  enzymes  of  sufficient  rapidity,  given  a  sufficient 
'iiount   of  ])rotein,   to   liberate  a   toxic  dose  of   its  cell   poison.      This,   however. 
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Avould  be  dependent  to  a  great  extent  upon  both  the  physical  state  of  the  pro-  | 
'  tein  and  the  medium  of  its  digestion — its  mode  of  administration.  I 

Thus,  the  celhilar  substance  of  tlie  strain  of  colon  bacillus  used  in  Vaughan's 
experiments  killed  when  coarsely  ground  in  1  to  50,000,  and  when  finely  ground  I 
in  1  to  75,000,  or  even  as  high  as  in  1  to  2,000,000,  of  the  body  weight  of  the  j 
untreated  experimental  animal ;  while  the  comparative  toxicity  of  the  same  toxic  I 
protein  when  given  subcutaneously  and  intravenously,  and  this  includes  the  j 
crude  protein  poison,  is  roughly  1  and  15 — that  is,  such  substances  are  from  ! 
10  to  20  times  more  toxic  when  given  intravenously  than  when  given  sub- 1 
cutaneously.  Although,  as  far  as  eliciting  noticeable  toxic  effects  intravenously,  j 
rather  than  fatal  effects,  is  concerned,  this  may  be  done  with  possibly  a  hun- ' 
dredth  part  of  the  dose  that  causes  toxic  manifestations  subcutaneously. 

In  nonspecific  protein  medication,  then,  we  have  a  characteristic  train  of 
symptoms  undoubtedly  closely  connected  with  the  good  results  obtained,  here 
following  in  the  great  majority  of  instances  the  most  toxic  mode  of  adminis- 
tration of  toxic  proteins,  or  of  substances  capable  of  precipitating  the  body  pro- 
teins; and  this  train  of  symptoms  is  identical  with  the  reaction  after  a  mildly 
toxic  dose  of  the  protein  poison  given  to  the  experimental  animal,  as  near  as  it 
can  be  duplicated.  This  identity  extends  even  to  the  necessity  of  increasing 
doses  of  the  protein  to  produce  subsequent  reactions,  if  a  subsequent  injection 
is  not  delayed  longer  than  a  few  days,  or  until  the  tolerance  conferred  by  the 
jioison  liberated  from  the  protein  of  the  previous  injection  has  waned.  The 
blood  picture  is  the  same;  the  leukopenia  accompanying  the  rise  in  temperature, 
and  the  leucocytosis,  characterized  by  a  relative  polymorphonuclear  increase, 
accompanying  its  fall. 

And  finally,  accompanying,  and  probably  due  to,  this  blood  change  we  havel 
the  amelioration  of  symptoms  to  a  greater  or  less  degree,  corresponding  to  thq 
"temporary  immunity,"  mentioned  by  Miller,  conferred  on  the  experimenta 
animal  by  treatment  with  the  protein  poison.  Thus,  all  evidence  seems  to  in 
dicate  that  the  benefits  resulting  from  the,  for  the  most,  intravenous  injection  o 
nonspecific  proteins  are  due  to  the  effects  of  the  cell  poison  liberated  by  the 
cleavage  of  these  proteins  parenterally,  the  protein  poison  of  Vaughan. 

Although  not  coming  strictly  under  the  head  of  nonspecific  protein  medicai 
tion  the  work  of  Gay,^  who  ignores  Vaughan's  work,  is  of  particular  interesj 
here.  He  treats  typhoid  fever  with  intravenous  injections  of  a  sensitized  poly 
valent  typhoid  vaccine  sediment ;  and,  although  he  apparently  assumes  his  sedi 
ment  to  be  nontoxic,  in  that  the  "endotoxic  substances"'  are  extracted,  its  exhibi 
tion  is  followed  by  a  reaction  in  no  way  differing  from  those  following  injection 
of  "unextracted"  proteins.  In  the  preparation  of  this  vaccine  the  multiple  straii 
t3-plioid  bacilli  are  killed  and  precipitated  with  alcohol,  and  then  ground  to  dis 
integration ;  the  "endotoxic  substances"  are  then  extracted  by  means  of  car 
bolated  saline,  and  tJic  supernatant  fluid  rejected.  The  sediment  remaining  onl 
is  used. 

As  a  method  of  detoxication,  if  this  is  really  the  object  of  the  above  pro 
cedure,  a  comparison  of  the  effects  of  the  "sediment"  of  Gay,  as  evidenced  o\ 
the  typhoid  subject,  with  those  of  the  "cell  residue"  of  Vaughan,  obtained  b^ 
extraction  with  alkaline  alcohol,  as  evidenced  on  the  guinea  pig,  will  show  t 
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latter  to  be  a  far  superior  method  of  detoxication,  and  that,  at  least  in  com- 
parison with  the  cell  residue,  the  sediment  is  a  highly  toxic  substance. 

The  cell  residue  of  the  typhoid  bacillus  is  absolutely  nontoxic  for  either 
the  unsensitized  or  sensitized  guinea  pig  in  doses  of  100  mg.  or  more  when 
given  intraperitoneally — corresponding  to  about  50  mg.  intravenously — and  it  is 
very  active  as  a  sensitizer.  The  sediment  is  toxic  for  the  typhoid  patient  in 
doses  of  0.02  mg.  intravenously;  so  that,  it  is  very  active  as  a  toxic  agent  at 
least,  and  apparently  so  as  a  sensitizer. 

According  to  Vaughan,  all  proteins  are  toxic  parenterally,  and  the  toxicity 
of  a  protein  is  dependent  rather  upon  the  rate  of  its  cleavage  than  upon  its 
■amount;  so  that,  then,  the  dose  of  a  vaccine  would  depend  upon  two  things — 
the  physical  state  of  the  protein  it  contains,  and  the  capability  of  the  recipient 

!for  its  cleavage  parenterally.  The  fact  must  not  be  overlooked,  however,  that 
;his  cleavage  may  be  so  rapid  and  so  thorough  as  to  digest  the  poison  itself, 
:onverting  it  into  nontoxic  bodies.  This  undoubtedly  explains  why  a  sensitized 
t-accine  is  less  toxic  for  its  specifically  sensitized  animal  than  it  is  for  the  normal 
imimaP — the  vaccine,  being  sensitized,  is  digested  with  greater  ease,  and  the 
.nimal,  being  sensitized,  digests  the  homologous  protein  more  rapidly. 

1  Despite  his  clear  demonstration  of  the  beneficial  influence  of  the  cell  poison 
i.pon  the  resistance  to  infection  in  the  experimental  animal,  Vaughan  has  con- 
j.emned  toxic  vaccines.  This  I  consider  his  one  inconsistency.  The  ultimate 
est  of  any  theory  of  immunity,  however,  must  rest  with  its  application  clinically, 
mimal  experimentation  at  best  can  furnish  but  a  more  or  less  general  idea  of 
le  effects  parenterally  of  foreign  substances  vipon  the  human  organism,  and 
lore  especially  upon  the  infected  human  organism  ;  and  this  applies  with  even 
reater  force  to  the  so-called  immunity  reactions  /;/  vitro,  which  take  into  con- 
deration  the  defensive  mechanism  of  the  blood  alone. 

Now,  if  the  conception  that  the  parenteral  introduction  of  protein  matter 
lay  be  followed  by  the  activation  of  the  protein  poison  is  correct,  then  the  ef- 
'Cts  of  this  poison  upon  the  infected  human  organism,  in  contrast  with  its  effect 
■m  the  infected  experimental  animal,  are  not  always  deleterious;  in  fact  they 
'■  often  decidedly  beneficial. 

The  truth  of  the  matter  seems  to  be  that  the  degree  of  tolerance  which  dif- 

icnt   organisms    are   ca])able    of   producing   varies,    other   things   being   ecjual, 

jrectly  with   the  mass  of   the   organism.     The   infected  laboratory   animal   has 

lidently  produced  tolerance,  as  a  result  of  the  cleavage  of  the  infecting  pro- 

M,  to  the   full   extent  of  which   it   is   ca])al)le;   so  that,   any   additional    ixiison, 

matter  how  minute  in  quantity,  or  whether  given   in  the   form  of   the   cell 

!^on,  or  in  the  combined  state,  as  in  an  homologous  protein  injection,  only 

'ens  the  infectious  process. 

I     As   undoubtedly    shown    b\-    (ia\-,    (he    result-^    of    tlie    specific    Ireatment    of 

'"hoid  fever  are  relatively  Ijcller  limn  those  obtained   from  its  nons])ecilic  \vv\\[- 

'it.     No  tenable   reason   is  given    for   this,   ho\\i-\er;    for   the    lollowing  st.ile- 

'j'lits,  very  cvidentlv  made  in   sup])ort   of   his   prcl'ercnce    I'or  a   s])ecilic   ])rolein 

''dication,  seem  to  be  casual  r;itlier  than  lo  hold  ;ni\'  intended  causal  significance. 

'■sc  three  slatemenls  are  as   follows:      (I)   The  typlmid   N.iccine  "/;/  addilio)!'' 

lie  hcnelit  deri\ed  from  its  nonspecific  reaction  "aids  in  rstahlislilni/  an  active" 
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(prophylactic)  "imni unity  aqainst  the  microorganism  concerned."  (2)  "Re-\ 
lapses  zvcrc  distinctly  reduced  in  those  cases  in  which  the  intravenous  injection^ 
zvere  foUoivcd  by  a  scries  of  three  subcutaneous  inoculations  after  the  tempera^ 
ture  had  reached  normal."  And  of  prime  significance,  if  a  difference  in  thq 
average  reaction  picture  from  that  produced  in  the  normal  subject  is  meant 
(3)  "these  I'accine  injections"  of  the  regular  prophylactic  dose,  0.1  mg.  sub- 
cutaneously  "//;  tJie  convalescent  typhoid  ivill  in  a  fetv  instances  cause  a  rise  i) 
temperature  of  a  degree  on  the  same  or  following  day."'' 

Yet,  either  of  these  three  statements  realize  a  tenable  explanation  as  to  wh^ 
the  specific  treatment  of  typhoid  is  superior  to  the  nonspecific.  This  may  hi 
summed  up  in  one  word  sensitization ;  and,  in  this  particular  instance,  the  su 
perior  sensitizing  qualities  of  a  polyvalent,  sensitized,  disintegrated  typhoid  pro 
tein  ovei-  a  monovalent,  untreated,  unground  preparation. 

\\  ith  nonautogenous  preparations  at  least,  the  polyvalency  'of  the  vaccin  fo 
would  undoubtedly  relatively  increase  its  specificity  to  the  infecting  bacteriun  j<j 
and,  therefore,  enhance  its  specific  sensitizing  qualities  as  well  as  its  toxicity  l/, 
the  sensitization  of  the  vaccine  would  probably  increase  its  sensitizing  qualitid  ,i 
and,  as  Gay  states,  its  toxicity  as  well;  the  distintegration  of  the  bacterial  pn    r, 
tein  would  midoubtedly  increase  both  its  sensitizing  and  its  toxic  qualities,  whil    .; 
by  the  rejection  of  the  supernatant  carbolized  saline  solution  used  in  its  extra(  -.^ 
tion,  both  the  sensitizing  and  toxic  qualities  of  the  vaccine  w^ould  undoubted    '^ 
be   reduced,   and  reduced,   moreover,   in   direct   relation   to   the   fineness   of   tl    j 
ground  protein,  either  in  suspension  or  in  solution,  carried  off  with  the  extrac 
ing  solution.     But  that  there  is  any  appreciable  free  poison  either  extracted  (j 
carried  off  in  this  process,  from  the  light  of,  particularly-,  Vaughan's  work  j 
the  extraction  of  proteins,  is  extremely  improbable. 

I  have  thus,  perhaps  not  too  theoretically,  discussed  the  Gay-Claypole  Va 
cine  Sediment  for  the  reason  that,  although  I  have  had  no  experience  with  tl 
preparation,  I  have  been  working  for  a  number  of  years  with  vaccines  whii 
might  correctly  be  called  antithetical  to  this  preparation,  m  two  important  i 
spects  at  least.  These  preparations  are  unsensitized,  and  they  may  be  said 
correspond  exactly  zvitli  tJie  supernatant  fluid  discarded  by  Gay  in  the  prepai 
tion  of  his  vaccine — all  bacterial  substance  they  contain  is,  at  least,  ultramic 
scopical.  On  the  other  hand,  these  preparations  are  polyvalent,  and  unqualifie 
specific  in  that  each  one  sensitizes,  and  sensitizes  efficiently,  only  against  itS' 
or  against  an  homologous  protein,  and  sensitizes  more  readily  intravenously  t 
subcutaneously. 

From  the  fact  that  of  these  preparations  each  contains  practically  an  eq 
amount  of  bacterial  protein  in  tlie  same  state  of  suspension  or  solution  it 
been  possible  to  ascertain  that  no  two  of  them  sensitize  with  the  same  facilit 
in  the  same  space  of  time,  or  with  the  same  number  of  treatments,  even, 
parently,  when  the  same  dose  of  each  can  be  employed,  which  is  not  always 
case — and  that  the  duration  of  the  state  of  sensitization  against  each  prot 
preparation  seems  to  vary  inversely  to  the  facility  of  its  production.     This  d 
tion  is  a  matter  of  a  few  months  with  some  of  these  proteins,  and,  undoubte 
of  years  with  at  least  one  other. 

These   preparations   are   highly   toxic,    and   being  much   more   toxic   in 
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venously  than  subcutaneoiisly  they  produce,  or  enhance,  tolerance  more  quickly 
when  given  intravenously ;  although  this  can  be  accomplished  quite  readily  by 
the  sub)Cutaneous  method.  They  produce  local  reactions  when  given  subcuta- 
neously,  but  these  are  diffuse  in  character  and  not  severe,  excepting  those  fol- 
lowing large  doses;  for  they  seem  invariably  to  correspond  in  severity  with  the 
constitutional  effects  from  the  injection.  Given  relativel}-  the  same  degree  of 
sensitization  against  either  of  these  proteins,  and  the  same  dose  of  each,  the 
character  of  the  reactions,  locally  and  systemically,  is  exactly  the  same — that 
is,  one  protein  seems  not  a  bit  more,  nor  less,  toxic  than  either  of  the  others, 
produces  the  same  degree  of  tolerance,  and  the  tolerance  following  the  reaction 
from  one  protein  is  a  tolerance  to  the  reaction  from  either  of  the  others,  is  of 
no  longer  duration,  nor  differs  in  any  other  respect.  In  contrast  with  sensitiza- 
tion, this  tolerance,  by  whatever  protein  produced,  if  following  a  single  injection 
has  very  perceptibly  waned  by  the  fourth  day;  after  a  series  of  injections,  how- 
ever, it  is  of  longer  duration,  but  never  seems  to  last  longer  than  two  weeks  at 
the  most. 

Some  hundred  cases  of  tuberculosis,  among  which  a  few  were  apparently 

50  acute,  many  so  far  advanced  and  some  apparently  so  hopeless,  as  to  materially 

jiflfect  favorably  their  amenability  to  a  then  not  always  pleasant  mode  of  treat- 

tnent,  to  an  extremely  rigid  regimen  and  to  a  monotonous  routine  of  keeping 

'hrice-daily  temperature  and  pulse  records,  along  with  other  data,  furnished  the 

material,  in   forty-two  cases,  from  the  careful  study  of  which  the  conclusions 

vere  •  definitely   settled   that   toxic  vaccines,   contrary   to   Vaughan's   statements 

itherwise,  are  not  only  the  vaccines  of  choice,  but  are  often  actually  the  vac- 

ines  of  necessity  for  the  successful  treatment  of  the  infections;  and  that  the 

orrectness  of  his  contention  that  active  immunity  against  a  given  bacterium, 

nd  sensitization  against  its  specific  protein,  are  identical,  can  be  tenably  sup- 

orted  clinically. 

Every  single  one  of  these  forty-two  cases  of  tuberculosis  gave  a  more  or 
^•^  frank  initial  focal  reaction  to  the  tuberculoprotein  in  varying  but  infinitesimal 
mount;  all  of  them,  with  the  exception  of  three,  reacted  systemically,  and 
jbout  half  of  them  focally,  to  one  or  more  other  bacterial  proteins,  adminis- 
'■red  mostly  subcutaneously,  in  varying  but  much  larger  doses  than  were  neces- 
iry  with  the  tuberculoprotein  to  elicit  the  same  class  of  reactions,  and  two  of 
icni  reacted  systemically  to  the  protein  of  horse  serum. 

The  tubercle  bacillus  was  found  in  the  sputum,  or  in  other  specimens,  trom 

le  majority  of  these  cases,  but  not  in  all;  the  uncomplicated,  early,  but   well 

pfined,  apical  and  the  closed  joint  cases  furnishing  most,  if  not  all,  of  the  ex- 

'ptions.     And,  although  the  bacterial   flora  of   well  selected  .sputum   or  other 

'(■ciniens  did  act  as  a   certain  guide   in  determining  the   secondary   infectors, 

'■  great  majority  of  bacteria  here   found,   and   itarticularly   with   the   sputum. 

'ved  apparently  to  be  sai)rophytic. 

On  the  other  hanrl,  neither  was  the  fact  that  a  subject  reacted  s\slemically. 

j  locally,  to   a  certain  l»acterial    pnilcin   taken   as   conchisi\e   e\i(lence   that    the 

'Tiologous  bacterium  was  ])resent  as  a  secon(iar\-  infectnr,  e\en  when  this  bac- 

ium   was    found    in    a    si)ecimen    examined.      (  )nly    the    fr.uik    local    reaction 

"Ti  a  single  injection  of  such  a  >niall  amount  of  l)attertial   pfott'in  as  to  cause 
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no,  or  very  mild  and  evanescent,  systemic  symptoms,  and  the  secondary  focal  I 
reaction,  of  tardy  onset,  following  a  single  injection,  or  a  series  of  injections, 
where  the  reaction  systemically  was  also  absent,  or  very  mild  but  protracted,  I 
were  regarded  as  specific,  and,  hence,  as  evidence  that  the  homologous  bacterium  < 
was  present  as  a  part  of  a  multiple  infection.  i 

The  so-called  secondary  focal  reaction,  that  tardily  following,  as  a  general ' 
thing,  the  more  or  less  protracted  administration  of  proteins,  bacterial  or  other- 
wise, and  associated  with  a  high  and  protracted  toxicity,  can  not  be  regarded 
as  specific,  or  at  least  as  strictly  so.  It  may  be  caused  by  any  protein  to  which 
the  patient  will  react  regardless  as  to  whether  it  is  homologous  to  the  infecting! 
bacterium,  or  to  one  of  the  infecting  bacteria  of  a  mixed  process,  or  not.  There! 
is  no  excuse  for  the  administration  of  vaccines  in  doses  causing  such  reactions, 
and  the  focal  manifestations  following  such  systemic  reactions  should  be  re- 
garded rather  as  an  exacerbation  of  the  process,  than  as  a  reaction.  This  phe- 
nomenon has  for  its  analogy,  without  doubt,  the  deleterious  effects  produced  in 
the  infected  experimental  animal  after  injections  of  the  protein  poison,  as  demon- 
strated by  Vaughan,  and  is  a  nonspecific  accident. 

As  the  specific  focal  reaction,  the  secondary  being  practically  a  protracted! 
form  of  the  primary,  will  enter  largely  into  the  discussion  to  follow,  some  con-i' 
sideration  as  to  its  probable  mechanism,  as  well  as  to  its  significance  based 
thereon,  would  doubtless  be  desirable. 

Just  what  determines  the  predilection  of  certain  proteins  for  certain  organs 
or  tissues  is  not  known;  but  it  is  a  well  recognized  fact  that  not  only  livini 
pathogenic  bacteria  infect,  show  a  preference  for  living,  growing  and  multiply 
ing  in,  certain  tissues,  but  that  these  same  tissues  act  as  predilection  point: 
where  these  same  bacteria  deprived  of  life  will  be  deposited,  if  injected  int( 
the  blood  stream,  and  where  they  are  slowly  digested.  In  this  manner  the  cell 
of  these  tissues  are  educated  to  digest  this  particular  protein,  and  are  then  sai( 
to  be  sensitized. 

It  is  easy  to  conceive  of  an  infected  area,  in  which  bacteria  are  not  onl; 
living  and  multiplying,  but  also  dying,  becoming  highly  sensitized  in  comparisoi 
with  other,  and  especially  the  more  distant  tissues  in  less  intimate  relation  will 
the  sensitizing  protein;  and,  if  not  too  completely  walled  oft"  from  the  generr 
circulation,  of  homologotis  protein  introduced  parenterally  being  carried  by  tli 
•blood  stream  to  this  sensitized  predilection  area  to  be  there  broken  up  wath  th 
symptoms  usual  with  such  cleavage,  those  of  inflammation,  in  such  tissue^ 
These  protein  cleavage  symptoms  constitute  the  primary  focal  reaction ;  but  th 
are  not  the  only  effects  from  proteins  focally.  Those  from  the  protein  cleava^ 
products,  or  from  one  of  them  at  least,  must  receive  an  equal,  if  not  a  greate 
consideration. 

Any  attempts  to  determine  the  effects  of  proteins  upon  the  experiment 
animal  by  the  parenteral  introduction  of  unbroken  proteins  can  only  be  consi( 
ered,  since  the  epoch-making  studies  of  Vaughan,  on  a  par  with  supposition, 
efforts  to  arrive  at  the  definite  effects  of,  say,  morphine  and  apomorphine, 
the  direct  employment  of  the  crude  opium  from  which  both  are  derived.  Tl 
former  procedure  is  just  as  irrational  as  would  be  the  latter,  yet  it  is  still  beii 
resorted   to   almost   exclusively   in    immunity    studies,    both   experimentally  ai 
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clinically.  A  doubly  flagrant  example  of  this  has  already  been  cited  in  Miller's 
misquotation  of  Vaughan's  clearly  expressed  exposition  of  his  well  defined 
work. 

In  the  light  of  the  generally  conceded  correctness  of  the  observation  that 
;  an  excess  of  sensitizing  protein  delays  the  onset  of  the  sensitized  state;  of  that 
j  of  the  specificity  of  the  refractory  condition  so  clearly  demonstrated  in  the  ani- 
j  mal  sensitized  simultaneously  to  two  dififerent  proteins,  but  more  especially  of 
j  the  two  following  demonstrations  by  Vaughan,  it  is  very  evident  that  the  effects 
I  of  the  nontoxic  cell  residue,  the  sensitizing  portion,  of  bacterial  proteins  used  as 
j  a  specific  therapeutic  agent  may  not  always  prove  beneficial  to  the  infected 
j  subject. 

j  These  demonstrations  are  as  follows:     1.  It  was  found  that,  when  injected 

;  abdominally  into  fresh  guinea  pigs,  25  mg.  of  colon  residue,  and  12.5  mg.  oi 

I  typhoid  residue,  in  the  short  space  of  thirty  minutes,  had  conferred  immunities, 
in  the  former  case  of  five,  and  in  the  latter  of  six  units;  but  that  larger  doses 
I  did  not  give  such  good  results.  This  was  tenably  explained  by  supposing  that 
the  ferments  activated  by  the  residues,  for,  according  to  this  theory,  the  ferment 
is  stored  in  the  cell  in  an  inactive  state,  were  in  part  used  up  in  their  reactions 
with  the  residues  themselves — a  relative  exhaustion  of  specific  enzyme  in  each 
instance,  which  allows  the  growth  of  the  inoculated  virus. 

2.  It  had  been  found  during  two  years  of  treating  tuberculosis  with  the 
nontoxic  cell  residue  of  the  tubercle  bacillus  that,  if  properly  used  in  initial 
cases,  its  action  was  prompt  and  apparently  specifically  beneficial ;  but  that  in 
advanced  cases  it  was  of  no  benefit.  Of  more  importance  here,  however,  is  the 
fact  that,  even  in  initial  cases,  it  rcouhi  prove  Jia'^nvfid  if  given  in  too  large 
doses,  or  in  small  doses  too  frequently  repeated.  The  same  tenable  explanation, 
it  would  seem,  is  equally  applicable  here. 

The  tubercular  sultject  possessing  systemic  sensitization,  extrafocal  ferment, 
incapable  of  the  complete  cleavage  of  a  large  dose,  or  of  smaller  too-of ten-re- 
peated doses,  of  the  tuberculoprotein,  here  the  specific  portion  of  this  protein, 
this  specifically  active  portion  is  carried  to  the  more  highly  sensitized  predilec- 
tion point,  the  focus  of  the  infection,  where  it  uses  up  the  focal  ferment  in  its 
reaction  with  this  body,  with  a  consequent  activity  of  bacterial  life,  a  more  ac- 
tive process,  to  the  detriment  of  the  patient. 

This  also  ex])lains  the  secondary  focal  reaction,  whicli  is  really  an  exacerba.- 
iun  of  the  process  of  a  specific  causation;  and  it  is  to  be  noted  tliat  its  dctcrmina- 
ion  from  the  pseudosecondar}'-  focal  reaction,  prexiously  cited,  whicli  is  ot  non- 
specific causation,  the  poison,  is  often  made  witli  (lifliculty  when  toxic  ])rolcin-^ 
ire  being  employed.  This  distinction  can  be  fairly  well  made,  liowcvcr,  by 
loting  the  character  of  the  systemic  reactions  immediately  following  the  injec- 
ions:  if  these  are  sharp  and  evanescent,  both  the  vaccine  and  its  dosage  may 
^  said  to  be  beneficial;  if  they  are  sluggish  and  protracted,  the  secondary  focal 
indicated,  and  if  they  are  sharp  and  protracted,  there  is  the  (|vieslion  ot  an 
•vercome  tolerance  to  be  considerrd  never  overlooking  the  fact  that  a  retro- 
:rade  of  the  ])atient's  condition  may  be  due  to  a  double  focal  cause,  both  the 
pacific  and  the  nonsi)ecific.  Fortunate,  indeed,  is  the  tubi-nnlar  casi'  who  gives 
rank  focal  responses  to  proteins  u-^c-d   thi-rapeutic  all\- :  and.  by   the  ->aint'  toki-n. 
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who  gives  equally   frank   focal  manifestations   as  a   result  of  overactivity  and 
other  indiscretions. 

If  these  interpretations  of  the  focal  phenomena  are  correct,  and  in  support 
of  this  I  refer  the  reader  to  Vaughan's  "Protein  Split  Products,"  recommending 
a  careful  study  of  his  own  work,  and  of  his  interpretation  of  most  of  the  work 
of  others  done  up  to  the  time  of  its  compilation,  then,  the  focal  reaction,  if  it 
can  be  elicited  frankly  and  evanescently,  offers  a  sure  and  safe  means  of  gauging 
the  degree  of  extra  focal  sensitization  present  in  the  infected  subject.  And,  bac- 
terial immunity  produced  in  an  infected  organism  is,  without  doubt,  dependent 
upon  the  degree  of  systemic  sensitization  attained  by  the  organism  against  the 
homologous  protein  of  the  infecting  bacteria;  and  the  degree  of  sensitization, 
as  long  since  pointed-out  by  Vaughan,  can  not  be  measured  in  the  test  tube. 
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The  case  to  be  cited,  in  further  support  of  this  view,  and  of  other  views,»:; 
especially   regarding  toxicity,   one   of   some  twenty   in  whom   immunities   were 
established  in  from  nine  months  to  two  years,  differs  from  most  of  the  other> 
in  but  one  or  two  respects — the  absolute  frankness  shown  by  almost  all  reac-j»r- 
tions  to  vaccines,  and  his  perfect  willingness  to  subject  himself  to  all  manner 
of  tests,  some  forty  of  which  were  applied.     These  cases  were  all  of  a  certain 
sameness  verging  on  the  monotonous;  if  tolerance  could  be  enhanced,  either  b\ 
vaccines  or  by  a  combination  of  vaccines  and  regimen,  they  all  improved ;  if  not 
they  died  more  or  less  promptly.     And,  here  let  it  be  said,  the  number  in  whoir 
it  proved  impossible  to  establish  an  efficient  tolerance  by  a  combination  of  tin 
above  procedures  was  as  1  to  4  or  5  of  those  who  wouldn't,  or  didn't,  for  one 
reason  or  another,   "play  the  game"   after   improvement   had   become  more  oi 
less  marked.  ' 
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This  case  was  that  of  a  man  of  27,  married,  by  occupation  a  mule  driver 
in  a  coal  mine  and  with  a  history  of  expostire  to  tuberculosis  through  a  sister 
who  had  died  some  time  previously  of  an  acute  pulmonary  process.  Another 
sister,  later  on,  also  developed  pulmonary  tuberculosis;  and  his  wife,  still  later, 
strongly  evidenced  an  initial  pulmonary  infection. 

A  month  or  two  previous  to  coming  under  my  care  the  patient  had  under- 
gone an  ill-advised  operation  for  appendicitis,  and  subsequently  had  developed 
not  only  an  apparently  acute  pulmonary  process,  but  a  multiple  submaxillary 

j     and  cervical  adenitis,  as  well  as  a  diffuse  peritonitis.     He  had  been  sent  home 

j     from  the  hospital  to  die. 

j  Several  of  the  involved  glands  had  been  evacuated  while  he  was  in  hospital. 


and  at  the  time  of  my  lirst  examination  it  seemed  that  several   more   weio  ap- 
proaching the  stage  of  dissolution.     This,  however,  did  not  occin-. 

He  had  the  api)earance,  and  e\idenced  the  symptoms,  both   subjectixe  and 
j  objecti\e,   of   an   advanced   and   comi)licated   c.ise   of    the    fulminant   ])uImonary 
I  type,  with  well  defined  cavity  formation  in  t)ne  lung  as  the  most  striking  sign 
of  this. 

His  abdomen  was  tender  .md   swollen,  and   he  had,  ;in(l  h;i(l  had   tor  sc\er;d 

ueoks,  an  intractihle  l)lood\-  diarrhea.     Xo  examination  wa^  m.idr  i>\  his  e\crti;i. 

His  cough   was  almost  constant,  but   efhcient   in  that   it    raided  an  ahundance 

jof  purulent,   greenish    coloic^l,    fdnl-snu'lling    sputum    which    w.i^    Inheicle    posi- 

'tive,   and   contained    in    addition    nnri.ids    ol    ollu-i-    h.ictt'ria.    the    slre])lococcus, 

staphylococcus  and  colon  bacillus  predominating. 

I  lis  blood   |)ressure  was  low.  his  temperature  lii.s^h  ;mi(1   his  pul>e  r.ite  ra])id 
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and  irregular.  Night  sweats  were  constant,  and,  next,  to  his  cough,  were  the 
most  distressing  of  his  symptoms. 

Very  Httle  was  gained,  apparently,  from  a  more  rigid  regimen ;  but  from  a 
change  into  more  cheerful  surroundings  and  into  a  larger,  more  airy,  better 
lighted  room,  he  was  certainly  better  contented. 

A  week  was  spent  in  impressing  the  patient  with  the  absolute  necessity  of 
a  strict  and  protracted  adherence  to  his  regimen,  in  getting  him  intelligently 
interested  in  his  case,  and  in  accustoming  his  mother-nurse  to  the  keeping  of  an 
absolutely  accurate  record.  He  was  then  tested  for  his  focal  tolerance,  his 
systemic  sensitization  against,  three  bacterial  proteins — the  tuberculoprotein,  the 
streptoprotein  and  the  staphyloprotein.  The  results  of  these  tests,  shown  on 
the  case  chart,  were  as  follows : 

May  10. — A  von  Pirquet  was  negative,  and  so  remained. 

May  12. — 0.00005  c.c.  tuberculoprotein,  given  intracutaneously,  produced  a  well  marked 
focal  reaction  in  both  lungs — pain,  increased  sputum  with  a  little  blood — and  an  increased 
tenderness  over  the  abdomen.  There  were  no  appreciable  manifestations  of  any  other  kind, 
and  these  symptoms  subsided  during  the  late  afternoon. 

May  13. — 0.05  c.c.  streptoprotein,  given  subcutaneously,  caused  no.  at  least  immedi- 
ately, noticeable  response. 

May  14. — 0.1  c.c.  of  the  same  protein  caused  a  very  slight  redness  locally,  no  marked 
pulse  or  temperature  variations,  but  a  decided  focal  response  in  the  lungs,  as  well  as  an 
increased  tenderness  over  the  enlarged  cervical  ghinds. 

May  13. — 0.2  c.c.  staphyloprotein  caused  a  rise  in  temperature  of  2  degrees,  a  pulse  rale 
increase  of  14,  a  decided  feeling  of  chilliness  followed  by  sweating  and  a  marked  local  reac- 
tion.    No  focal  manifestations  of  any  kind  were  noticeable. 

This  mild  but  characteristic  reaction  picture,  here  following  the  subcutaneous 
injection  of  the  protein,  was  followed  the  next  day  by  a  feeling  of  decided  well- 
being  that  continued  until  the  third  day,  when  the  temperature  began  to  rise 
again.  From  this  on  injections  of  the  staphyloprotein  were  given  subcutaneously 
in  doses  increased  each  time  from  0.1  to  0.3  c.c,  and  at  intervals  of  from  three 
to  five  days,  until  June  10,  when  1.4  c.c.  was  given.  This  last  injection  caused 
a  slight  rise  in  temperature  and  a  mild  local  reaction. 

But  this  reaction  picture  was  not  the  only  thing  characteristic  of  this  treat- 
ment; besides  the  well  marked  amelioration  of  all  untoward  symptoms,  thai 
variations  in  temperature  and  the  blood  pictures  were  equally  characteristic  with 
the  classic  reaction  picture  of  this  class  of  tubercular  patients  zvhen  improving \ 
under  this  treatment.  These  will  now  be  considered  in  their  probable  order  of 
importance  as  readily,  available  clinical  guides,  or  controls  for  the  managementj 
of  vaccine  treated  cases. 

During  the  week  previous  to  the  tests  with  the  bacterial  proteins  the  mean! 
high,  or  evening,  temperature  was  103.7°  ;  and  the  mean  low,  or  morning  teni-l 
perature  99'^ — representing  a  mean  difference  of  4.7° — and  this  had  practicallyj 
obtained  during  a  few  previous  weeks. 

During  the  week  these  tests  were  being  applied  the  mean  high  teinperaturej 
was  102.7°,  and  the  low  97.3°.  A  mean  difference  of  5.4°  ;  a  fall  in  high  tem- 
perature of  1,  and  in  low  of  1.7°. 

The  week  following  the  last  injection  of  this  series,  the   1.4  c.c.  staphylo- 
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protein  given  June  10,  shows  a  mean  high  temperature  of  98.7,  and  a  mean  low 
of  97.7°.  A  mean  difference  of  1^;  a  fall  in  mean  high  temperature,  which  was 
steady,  of  4°,  and  a  rise  in  mean  low  temperature,  which  fluctuated,  of  0.4°. 

In  comparison,  it  is  interesting  to  note  that,  four  months  later,  during  his 
treatment  with  injections  of  the  tuberculoprotein,  and  after  having  had  prac- 
tically no  reactions  of  any  kind  soever  for  a  period  of  three  weeks,  his  mean 
temperatures  were,  high  98.2°,  and  low  97.66° — a  difference  of  0.54°.  This 
may  be  considered  as  about  the  normal  variation  for  this  case,  without  doubt. 
Subsequently,  however,  when  it  became  necessary  to  resume  other  proteins  in 
his  further  treatment,  and  systemic  reactions  were  produced,  by  any  protein, 
including  the  tuberculoprotein,  this  variation  again  increased;  but,  no  matter 
how  severe  the  reactions,  or  for  what  length  of  time  the  series  of  injections 
lasted,  this  difference  between  mean  low  and  high  teniperatures  never  exceeded 
1.5°,  and  quickly  lessened  with  each  discontinuance  of  reacting  doses  of  pro- 
eins.     This  is  in  marked  contrast  with  the  initial  difference  of  4.7°. 

That  the  process  of  testing  the  patient  to  the  three  bacterial  proteins,  as  de- 
scribed above,  had  a  salutary  effect,  there  can  be  little  doubt;  and  that  this 
jiffect  was  not  due  wholly,  or  even  to  a  great  extent,  to  the  injection  of  staphylo- 
)rotein  on  May  15,  but  in  part  to  the  other  proteins  used  previously,  is  equally 
bvious.  The  fall  in  temperature  after  this  test  injection  of  staphyloprotein  was 
lot  sufficiently  marked  to  account  for  the  reduced  mean  temperature  occurring 
luring  this  week ;  in  fact,  its  tendency  was  to  raise  this  average. 

It  must  be  remembered  that  the  two  proteins  used  in  the  previous  tests  were 
specific"  to  his  mixed  infection;  that  is,  that  they  caused  focal  reactions, 
rankly  so.  In  spite  of  this,  the  tuberculoprotein  of  both  the  Pirquet  and  the 
itracutaneous  injection  seemed  to  "flatten  out''  the  high  temperature  line,  and 
)  steadily  reduce  the  low  temperature  from  supernormal  to  normal,  or  even 
ibnormal.  The  behavior  of  the  streptoprotein  was  somewhat  different;  for,  just 
;  it  caused  both  focal  and  systemic  phenomena,  for  the  local  reaction  was  a 
ild  sign  that  the  latter  was  really  the  case,  its  effects  upon  temperature  seemed 
simulate  that  of  the  tuberculoprotein  upon  the  low,  and  that  of  the  staphylo- 
"otein  upon  the  high  temperature. 

These  phenomena  could  l^e  summed  up  proliably  l)est  in  the  following  ten- 

'le  conclusions.     A  "certain  state  of  focal  acli\  ity,"  whether  produced  by  vac- 

ines  capable  of  producing  focal  reactions,  or  by  a  certain  amount  of  activity 

!i  the  part  of  the  patient,  here  including  even  the  change  from  the  horizontal 

-ilion  to  the  semiprone  of  sitting  propped  up  in  1)C(1.  or  by  a  combination  of 

•  two,  was  mvariably  followed  by  a  flattening  of  the  high  temperature  line. 

I   by   a   gradual    decline    in    the   low    temperature    line,    which    latter    (juickly 

^ided  to  reach  normal,  or  subnormal.     These  manifestations,  however,   were 

t  of  sufficient  intensity,  or  so  striking,  as  to  be  called  reactions.     These  j'lhe- 

mena  must  certainly  be  regaided  as  beneficial,  and  of  a  specific  mechanism; 

"Ugh  they  are  incapable  of  anything  but  transitory  bendit  unless  i)ro(luce(I 

icr  the  protection  of  an  efiicicnt  tolerance. 

The  phenomena  following  the  administration  of  ihc  prdlcin  not   specific  to 

process,  at  least  in  that  it  caused  no  focal  manifostations,  the  staphyloprotein. 

Y^  in  marked  contrast.     Here,  these  were  manifested  only  after  such  doses 

^Iwould  cause  systemic  reactions;  and  they  were  characterized,  after  the  re- 
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action  rise,  by  an  immediate  and  continued  effect  on  the  high  temperature  line, 
which  gradually  declined.  The  effect  of  these  systemic  reaction-causing  injec- 
tions on  the  low  temperature  line  was  exactly  the  opposite.  The  transitory 
reaction  rise  of  the  high  temperature  line  had  its  corresponding  transitory  fall 
of  low  temperatvire  the  next  morning,  rarely  for  two  succeeding  mornings : 
but  the  general,  though  less  regular  and  steady,  trend  of  this  line  was  from  the 
subnormal  to  the  normal.  And,  if  my  interpretations  of  the  observation  of  many 
carefully  controlled  cases  are  correct,  the  less  regular  and  less  steady  trend  of 
this  low  line  from  the  subnormal  to  the  normal  is  due  to  that  "certain  state  of 
focal  activity,"  which  is  mentioned  above  as  the  probable  cause  of  the  gradual 
decline  of  this  line  from  the  supernormal  to  the  normal,  here  probably  a  greater 
activity. 

Among  the  probable  causes  of  such  focal  activitv,  fretting  and  tossing  in 
bed,  both  of  which  this  patient  did,  are  of  equal  importance  with  those  already 
mentioned.  Needless  to  say,  however,  these  finer  temperature  variations  are 
only  to  be  noted  with  any  degree  of  accuracy  with  the  patient  at  absolute  rest, 
thoroughly  under  control  and  carefully  watched ;  and  an  absolutely  essential 
aid  in  drawing  conclusions  is  a  carefully  and  properly  kept  record. 

To  recapitulate,  a  certain  amount  of  focal  activity,  then,  undoubtedly  make- 
for  a  fall  in  the  mean  low  temperature  line  from  the  supernormal  to  the  normal 
or  subnormal,  in  the  early  treatment  of  the  advanced  tubercular;  and  this  can' 
be  considered  only  as  beneficial.     A  further  focal  activity,  no  matter  what  it- 
cause,  tends  to  keep  this  line  subnormal.     A  still  greater  focal  activity,  probably 
for  the  reason  that  secondary  focal  phenomena  are  then  manifesting  their  in- 
fluence, makes  for  a  rise  of  this  line  to  again  the  supernormal  mark,  just  as  thest 
so  influence  the  high  temperature  line  also.     I  shall  cite  an  example  of  this  ii 
connection  with  testing  this  case  with  the  colon  protein.     Needless  to  say,  thi 
rise  of  average  low  temperature  to  the   supernormal  can  be  regarded  only  a 
deleterious. 

I  have  no  explanation  to  offer  as  to  the  exact  mechanism  of  these  repeated) 
noted  phenomena,  other  than  that  they  are  of  a  specific  character,  and  of  focr; 
origin;  but  as  to  their  significance  there  can  be  no  doubt.  They  are  considere 
of  sufficient  importance  to  be  employed  as  a  certain  control  in  the  managemei 
of  at  least  the  early  treated  advanced  tubercular  subject. 

During  the  fourth  and  last  week  of  this  series  of  staphyloprotein  injectio: 
the  patient  was  given  three  tests;  a  Pirquet  was  applied  the  day  before  the  la 
injection  was  given,  and  a  subcutaneous  injection  of  0.00005  c.c.  tuberculoprote 
was  given  on  June  12,  and  0.1  c.c.  streptoprotein  on  June  14.  These  were  t 
same  doses  of  the  same  proteins  given  exactly  one  month  previously;  and, 
with  these  previous  tests,  the  Pirquet  was  negative  and  both  injections  caus 
focal  manifestations,  although  probably  less  severe  than  on  the  former  occasioj 

The  patient  w^as  now  given  a  week  of  rest  from  active  treatment,  and  duj 
ing  this  time  he  was  gradually  accustoming  himself  to  spending  his  days  in 
chair.     By  this  time  his  night  sweats  had  ceased;  blood  had  disappeared  fr 
his  stools,  and  these  w^ere  now  of  normal  consistency  and  regularity.     In  ad 
tion,  his  cough  was  no  longer  troublesome,  his  sputum  had  become  much 
duced  in  quantity  and  was  now  only  streakedly  yellow;  it  had  lost  its  foul  o 
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and  contained  a  very  perceptibly  reduced  number  of  bacteria,  especially  of  the 
streptococci.     Moreover  he  had  gained  materially  in  weight  and  appearance. 

At  the  end  of  this  week  of  rest  his  temperature  was  again  on  the  upgrade. 
A  Pirquet  was  applied,  again  with  negative  results ;  but  he  now  tolerated  0.0001 
c.c.  tuberculoprotein  with  but  faint  focal  manifestations,  and  0.2  c.c.  streptopro- 
tein  without  the  slightest  signs  of  any  such  phonemena.     This  latter  protein, 
however,  did  cause  a  possible  slight  rise  in  temperature  with  a  mild  local  reaction. 
About  two  weeks,   then,  after  the  last  of  nine  subcutaneous  injections  of 
staphyloprotein,  extending  over  a  period  of  four  weeks,  during  which  his  sen- 
sitization against   this   protein   increased   about   120,000   units,   the   patient   had 
gained  in  sensitization  against  the  tuberculoprotein  to  the  extent  of  about  five 
junits,  and  against  the  streptoprotein  about  10,000  units.     And  here  be  it  under- 
stood that  the  word  "sensitization"'  is  not  strictly  applicable  in  describing  the 
increased  '"tolerance"  of  the  patient  to  the  staphyloprotein.     This  was  undoubt- 
Jedly  due  in  great  part  to  increased  sensitization,  but  to  some  extent  also  to  the 
itolerance  of  the  poison  he  had  acquired  through  his  previous  injections.     That 
jthis  tolerance  existed  at  the  time  of  the  last  injection  of  the  series,   1.4  c.c, 
kvhich  caused  a  mild  reaction,  and  that  it  had  practically  disappeared  twenty 
'.lays  later,  was  evidenced  by  the  overwhelming  reaction  following  1  c.c.  of  the 
name  protein  then  given.     The  focal  reaction,  as  evincing  the  degree  of   sen- 
itization,  would  probably  have  been  absent  with  any  safe  dose  of  this  protein. 
Why  this  gain  in   sensitization   against  the  tubercvdo-   and   streptoproteins 
vas  not  evident  immediately  after  the  last  injection  of  the  series  of  staphylo- 
rotein  injections  can  not  possibly  be  explained  by  the  influence  of  tolerance, 
I  |s  can  be  readily  seen ;  but  it  might  be  explained  here,  and  in  similar  cases,  and 
ery  tenably  so,  by  supposing  that  the  body  cells  no  longer  being  subjected  to 
le  influence  of  the  more  readily  sensitizing  staphyloprotein  of  the  injections 
jcre  now  being  stimulated  by  the  less  readily  sensitizing  autovaccines  of  the 
iberculo-  and  streptoproteins  of  the  infecting  bacteria  to  the  end  that  a  fur- 
ler  sensitization  against  these  bacteria  was  now  being  produced.     'JMiis  would 
resume  that  the  autostaphyloprotein  had  been  cleared  up  by  its  specific  treat- 
ent;  and,  indeed,  evidence  of  this  existed  in  the  almost  total  absence  of  staphylo- 
)cci  fr(jm  the  sputum,  if  not  in  the  general  improvement  of  the  patient.     Evi- 
nce of  this  increase  in   sensitization,  however,   can   at   times   be  elicited   im- 
c'diately  after  such  a  course  of  vaccines. 

'  In  testing  with  the  colon  protein,  at  the  expiration  of  his  rest  jieriod,  it  was 
und  that  neither  0.2  c.c.  nor  api)arently  0.4  c.c.  of  this  ])rolcin  caused  the 
Ightest  reaction  of  any  kind ;  so  that,  some  doubt  existed  as  to  whether  the 
■'Ion  bacillus  was  responsible  in  part  for  the  mixed  ])rocess,  or,  as  would 
Uirally  follow,  whether  he  was  sensitized  to  this  ])r()tein. 

The  high  temi)eraturc  line  alone  seemed  to  be  afi'ected  bv  these  two  injec- 

ns;  but,  as  the  patient  had  been  increasing  his  activities  a  little  loo  rai)idly, 

I  was  living  more  quietly  at  this  time,  it  was  a  matter  of  doulil  as  to  whether 

'  ■  gradual  fall  in  temperature  which  then  occurred,  a  matter  rtf  a  degree,  was 

due  to  this  rather  than  to  the  vaccine.     To  ascertain  which  was  the  real  cause 

intracutaneous  injection  of  0.05  c.c.  colon  protein  was  given  (Hi  June  .^0.  and 
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this  was  followed  immediately  by  a  svtbcutaneous  injection  of   1   c.c.  staphylo- 
protein. 

The  severity  of  the  reaction  caused  by  this  injection  has  already  been  noted. 
The  temperature  rose  5°,  and  there  was  a  decided  chill  followed  by  sweating,  as 
well  as  a  very  severe  local  reaction.  The  site  of  the  intracutaneous  colon  protein 
injection,  on  an  entirely  different  part  of  the  body,  and  not  near  the  sites  of  the 
previous  subcutaneous  injections  of  this  protein,  lighted  up  and  showed  dis- 
tinctly positive,  as  did  the  sites  of  the  two  subcutaneous  injections  also.  This 
phenomenon  will  be  discussed  a  little  later. 

Theoretically  this  dose  of  staphyloprotein  was  correct;  practically  it  was 
too  large  by  far ;  for  no  account  was  taken  of  the  different  conditions  under 
which  the  patient  was  then  living  in  comparison  with  the  time  when  1.4  c.c. 
of  this  protein  had  caused  only  a  moderate  reaction.  He  was  decidedly  more 
active,  and  partly  as  a  result  of  this  autointoxication  had  already  overcome  the 
tolerance  then  existing,  for  he  was  evidencing  a  gradually  rising  temperature. 
And,  as  it  is  the  liberated  poison  above  tolerance  which  causes  the  reaction,  he 
practically  got  the  full  effects  of  a  very  toxic  cleavage  of  the  total  dose;  for 
his  sensitization  against  this  protein  was  then,  without  any  doubt,  high. 

Very  little  significance  was  placed  at  the  time  in  a  decided  looseness  o: 
the  bowels  which  set  in  after  this  reaction.  This  was  attributed,  as  was  the  fom 
day  rise  in  temperature,  both  morning  and  evening,  although  the  latter  to  ; 
much  greater  extent,  naturally,  to  the  severe  reaction.  This  then  seemed  a  cor 
rect  conclusion  as  these  untoward  symptoms  quickly  subsided  after  anothe 
injection,  now  of  0.8  c.c.  of  staphyloprotein  on  July  4,  which  caused  a  mil' 
systemic  and  local  reaction.  Later,  however,  undisputable  evidence  that  thi 
was  a  focal  manifestation,  secondary  in  character,  possibly  caused  by  the  colo 
protein  of  the  two  injections,  and  probably  aided  and  abetted  by  the  severe  n 
action,  was  found,  and  in  this  manner. 

He  was  now  given  a  little  over  two  weeks  of  treatment  with  a  mixed  va^ 
cine  composed  of  one  part  strepto-,  two  parts  colon  and  four  parts  staphyl( 
protein,  to  all  of  which  he  had  reacted.  This  series  of  five  injections  starte 
with  0.9  c.c.  and  ended  with  2.2  c.c.  of  this  mixture.  The  last  dose  caused  n< 
only  a  mild  systemic  response,  but  focal  manifestations  as  well — frankly,  1 
a  decided  abdominal  tenderness,  questionably,  by  an  uncomfortable  feeling  ov 
the  chest.  The  only  other  sign  of  this  was  a  slight  rise  in  mean  morning  tei 
perature — but,  as  already  stated,  with  even  a  moderately  active  patient  nj 
much  dependence  can  be  placed  in  these  delicate  variations  when  they  occ 
alone.  Here,  however,  this  questionable  additional  evidence  of  focal  activi 
was  not  needed;  for  some  reason  he  now  frankly  evidenced  focally  a  too  lar 
dose  of  one,  or  more,  of  the  proteins  of  the  mixture. 

The  question  now  was  which  of  the  three  bacterial  proteins  had  causiB^ 
these  focal  reactions.  To  this  end,  and  although  two  alone  were  suspected, 
subcutaneous  injection  of  2  c.c.  staphyloprotein  was  given  four  days  later,  Jt 
24.  This  caused  only  a  mild  response  locally.  On  July  27  0.7  c.c.  colon  prot( 
elicited  a  frank  focal  response  in  the  form  of  a  slight  abdominal  tenderness  a 
a  slight  tendency  to  diarrhea,  no  temperature  variations  were  noticeable.  ((*1 
July  31  0.3  c.c.  streptoprotein  caused  a  mild  tenderness  of  the  cervical  glar|>J 
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and  a  decided  feeling  of  oppression  over  the  chest,  but  no  temperature  varia- 
tions. 

Undoubtedly  two  of  the  proteins,  the  colon  and  the  strepto,  were  in  part 
the  cause  of  the  focal  manifestations  following  the  mixed  protein  injections; 
while  the  temperature  excursion,  partly  at  least,  and  the  diarrhea  following  the 
tests  with  the  colon  protein  were  undoubtedly, due  to  a  mild  exacerbation,  a  sec- 
ondary focal  reaction,  probably  brought  on  by,  if  not  directly  due  to,  the  two 
injections  of  the  colon  protein  given  a  few  days  before,  and  from  which  no 
reactions  of  any  kind  were  noticed. 

Four  weeks  were  now  devoted  to  careful  tests  w'ith  the  different  proteins, 
the  while  the  patient  observed  a  strict  regimen,  especially  as  to  exercise  and 
rest.  The  results  of  some  of  these  tests,  those  most  pertinent  to  the  question, 
with  their  discussion,  follow'. 

A  Pirquet  was  again  applied,  Aug.  21,  and  this  remaining  negative,  a  sub- 
cutaneous injection  of  0.9  c.c.  staphyloprotein  w^as  given  two  days  later.  This 
was  followed  by  a  reasonably  severe  systemic  reaction  with  local  manifestations, 
while  the  Pirquet  lighted  up  and  showed  strongly  positive. 

It  is  a  well  recognized  fact  that,  other  things  being  equal,  the  tubercular  sub- 
ject who  shows  a  frank  local  response  to  the  tuberculoprotein,  whether  exhibited 
in  the  form  of  a  Pirquet  or  an  intracutaneous,  or  subcutaneous,  injection  being 
immaterial,  as  the  mechanism  is  the  same  in  each  instance,  is  the  subject  w^ho, 
as  a  general  thing,  responds  the  most  readily  to  treatment.  This  is  undoubtedly 
due  to  the  fact  that  such  a  subject  possesses  a  relatively  high  degree  of  sen- 
sitization against  the  tuberculoprotein.  But  that  there  are  some  other  cases  not 
so  reacting  to  the  tuberculoprotein  who  respond  equally  well  to  treatment  is 
qually  true ;  and  this  case  was  one  among  this  number. 

'        Despite  the  evidence  that  the  local  reaction  is  determined  by  the  cleavage 
>i  proteins,  and  not  by  the  products  of  their  cleavage,  it  is  very  evident  that 
jtolerance,  produced  by  a  protein   cleavage  product,  does  have  a  certain  eft'ect 
'ipon  the  local  reaction. 

It  had  been  noted  times  without  number  that  a  Pirquet,  or  the  site  of  an 

ntracutaneous,    or   of   a   subcutaneous,    injection   of    tuberculoprotein,    showing 

legative,  would  often  light  up  and  show  positive  after  the  injection  of  another, 

)r  of  the  same,  protein  given  in  such  dose  as  to  cause  a  systemic  reaction ;  in 

)ther  words,  by  o\ercoming  the  then  existing  tolerance.     This  nonspecific,  and 

pacific,  lighting  up  of  injection  sites  had  been  noted  witli  other  proteins  as  well, 

nd  was  demonstrated  previously  in  this  case,  nonspecifically.   by   the  lighting 

ip  of  the  intracutaneous  site  of  the  colon  protein   injection   with  the  systemic 

eaction  following  the  subcutaneous  injection  of  staphyloiJrolein,  already  cited, 

Ind  it  was  really  demonstrated  specifically  by  every  local  reaction  that  occurred. 

The  fact  that  the  sites  of  the  subcutaneous  injections  of  colon  protein  also 

jghted  up  with  this  supplemental   injection  of   staphyloprotein,   since   one  had 

Wn  given  four,  and  the  other  six,  days  previously,  should  have  indicated  what 

as  the  probable  reason  for  the  absence  of  reactions  systcmic.illy,  to  the  extent 

least  of  ])rcventing  the   furtlRT  finploxinenl   of   this  ])rotcin.  and  especially  in 

mixture.     Had  this  occurred  a  lilllc  earlier  in  the  treatnu'iil.  the  results  might 

•11  have  proved  disastrous. 
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The  negative  Pirquets,  and  the  negative  intracutaneous  injection  of  tuber- 
culoprotein,  in  this  case  were  interpreted,  especially  after  their  failure  to  light 
up  with  the  reactions  of  supplemental  injections,  as  showing  that  the  patient 
possessed  insufificient  extrafocal,  or  systemic,  sensitization  against  the  tuberculo- 
protein  to  break  this  protein  up  with  sufficient  violence  to  cause  local  manifesta- 
tions of  inflammation — and  proteins,  the  tuberculoprotein  in  particular,  are  bro- 
ken up  possibly  the  most  slowly  in  the  skin,  just  as  they  are  probably  broken  up 
the  most  rapidly  in  the  blood  stream. 

And  the  same  interpretation,  somewhat  modified,  should  have  been  made 
in  the  case  of  the  colon  protein — a  temporary  exhaustion  of  its  specific  ferment, 
due  possibly  to  digestive  disturbances,  which  the  patient  really  had  at  that  time. 
So  that,  the  colon  protein,  instead  of  being  beneficial,  as  would  be  judged  by  the 
fact  of  its  producing  no  reactions,  while  the  temperature  seemed  to  be  affected 
favorablv,  was  really  doing  harm.  I  have  no  explanation  as  to  why  this  protein) 
failed  to  produce  focal  manifestations  frankly  in  this  particular  instance,  and  then 
did  so  later;  and  especially  is  this  puzzling  as  the  frank  focal  manifestation- 
occurred  after  a  mixed  vaccine,  and  not  with  the  straight.  My  experience  ha- 
been  to  expect  just  the  opposite,  which  is  one  reason  that  I  consider  mixed  vac 
cines  dangerous. 

This,  the  fourth  application  of  the  Pirquet  showed  positive,  but  only  aftei 
a  supplementary  injection  which  produced  a  systemic  reaction.  An  unsupplc 
mented  local  reaction  from  the  tuberculoprotein  was  not  noticed  with  this  par; 
ticular  patient  until  the  dose  of  this  protein  had  reached  0.4  c.c. — and,  it  may 
be  added,  that  he  had  then  had  no  injections  of  other  proteins  for  close  on  ti 
seven  weeks,  and  was  living  under  a  careful  regimen;  so  that  it  required  ver 
little  in  the  way  of  a  dose  of  protein  to  overcome  what  tolerance  then  existec 

Special  care  was  always  exercised  in  giving  the  tuberculoprotein  injection 
to  have  a  certain  amount  deposited  within  the  skin,  as  well  as  to  avoid  previou 
injection  sites;  so  that,  with  the  largest  dose  reached  with  this  protein,  and  afte 
a  few  repetitions  of  this  dose  had  ceased  to  show  a  reaction  of  any  kind,  it  wa 
superfluous  to  apply  a  Pirquet,  or  to  give  an  intracutaneous  injection  of  tb 
protein  to  furnish  additional  evidence  that  the  protein  both  in  the  skin  an 
under  the  skin  was  being  digested  so  readily  and  so  thoroughly  as  to  cause  r 
symptoms  either  from  its  cleavage  or  from  its  cleavage  product. 

It  is  of  significance  to  note  that,  over  one  year  after  the  patient  had  receiv 
hi ;  last  tuberculoprotein  injection,  an  intracutaneous  injection  of  0.05  c.c. 
this  protein,  even  with  a  supplemental  injection  of  a  strepto-mixed  vaccine, 
which  he  was  still  partially  sensitized,  and  which  caused  a  rather  sharp  systen 
response,  absolutely  failed  to  light  up.  So  that,  the  Pirquet,  or  its  analogic 
irrespective  of  the  influence  of  tolerance,  will  show  negative,  then  positive,  ai 
again  negative,  as  sensiticatio)!  advances. 

That  this  was  undoubtedly  happening  with  this  subject  there  is  other  a 
abundant  evidence.     Part  of  this  evidence  is  shown  by  the  results  of  the  oth 
tests  made  at  the  time  of  the  positive  Pirquet.     On  Aug.  25  he  was  found 
tolerate  0.5  c.c.  streptoprotein,  and  on  Aug.  30  0.0008  c.c.  tuberculoprotein  vv 
tolerated  equally  as  well ;  while  a  little  previous  to  the  application  of  the  po 
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ti\e  Pirquet  he  was  found  to  tolerate  0.7  c.c.  colon  protein,  which  then  gave  a 
systemic  response. 

I  have  ah-eady  shown  the  increase  in  sensitization  against  the  tuberculopro- 

tein  during  the  first  series  of  injections,  four  weeks  of  treatment  with  the  staphy- 

loprotein,  to  have  been  about  five  units;  while  now,  after  seven  weeks  of  regimen 

and  testing,  including  the  second  series  of  injections,  three  weeks  of  staphylo- 

colon-streptoprotein  treatment,   his  gain  in   sensitization   against  the   tuberculo- 

protein  is  more  than  70  units. 

i  This  obvious  increase  in  gain  of  sensitization  during  the  second  series  of  in- 

\  jections  over  that  obtained  during  the  first   series,  absolutely  does  not  evince 

\  any  superiority  of  the  mixed  vaccine  over  one  of  a  single  kind  of  bacterial  pro- 

i  tein,  a  straight  vaccine,   such  as   was  the   streptoprotein  used   during  the  first 

I  series  of  injections;  but,  in  my  opinion,  whicli  is  based  on  controlled  observa- 

;  tions  of  many  cases  treated  with  both  straight  and  mixed  vaccines,   including 

autogenous  preparations  of  both  kinds,  this  more  rapid  increase  in  sensitization 

is  due  to  the  increased  ability  of  the  patient  to  combat  his  infection.    If  anything, 

jthe  mixed  vaccine  is  more  or  less  of  a  handicap,  depending  upon  the  number  of 

'different  kinds  of  bacterial  proteins  entering  into  the  mixture,  and,  by  the  same 

itoken,  upon  the  multiplicity  of  the  mixed  infection  against  which  it  is  employed. 

However  superior  to  straight  vaccines  for  the  production  of  the  nonspecific 

tolerance  in  selected  cases,  the  mixed  vaccines  are  unquestionably  less  efficient 

as  "specific"   sensitizers,   and   are   more   dangerous   under   all   circumstances   in 

mixed  infections.    This  is  as  should  be  expected,  if  the  matter  of  the  production 

Df  bacterial   immunity   is   regarded   rationally,    from   the   point   of  view   of   the 

ihysiologic  effects  of  remedial  agents,  here,   for  all  practical  purposes,  two  in 

lumber — the  toxic  portion  and  the  nontoxic  portion  of  the  protein  molecule — 

jmd  is  not  viewed  as  the  effect  of  a  single  agent,  and  more  especially  when  "cam- 

uflaged"  as  antibodies  produced  by  an  antigen. 

The  gain  in  sensitization  against  the  streptojM-otein  dtn-ing  the  first  series 
f  injections  was,  as  already  stated,  10,000  units.  This  gain  during  the  second 
eries  was  over  40,000  units — much  less  comparatively  than  the  gain  against  the 
jberculoprotein  during  the  same  period  and  witli  the  same  treatment,  but  not 
nder  the  same  conditions.  This  gain,  actually,  should  have  been  more,  not 
nly  on  account  of  the  improved  condition  of  the  patient,  and  for  the  reason 
lat  the  bacterial  protein  of  this  microorganism  is  a  better  sensitizer  than  that 
the  tubercle  bacillus,  but  principally  because  the  strepto  infection  was  treated 
•fifically  during  the  second  series  of  injections,  the  mixed  vaccine  containing 
|reptoprotein.  This  was  notthe  case  with  the  vaccine  used  in  the  first  series 
'  injections. 

Other  than  stating  that  the  .stre[)l(Jin-olein  has  always  ])r()ve(l  a  "mean"  pro- 
in  with  which  to  work,  and  that  streptococcic  infectious,  at  least  when  second- 
to  a  concomitant  tubercular  infection  in  its  early  management,  seem  to  be 
'I'e  safely  and  more  satisfactorily  treated  by  a  nons])ecific  therapy,  the  only 
[rthcr  explanation  T  shall  offer  foi"  this  failure  of  a  greater  increase  in  sensitiza- 
in  against  this  ])r()tcin  is  that  the  focal  phenomena,  linally  notici'd  with  tlic 
"ixed  vaccine,  acted  as  an  inhibiting  factor. 

This  was  undoubtedly   the  case  with  the  colon   pinlein,   against    which   llie 
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initial  degree  of  sensitization  was  not  ascertained.  The  three  weeks  of  colon 
protein  injections  of  the  mixed  vaccine,  however,  increased  sensitization  against 
this  protein  about  30,000  units,  which  was  a  very  small  increase  for  the  number 
of  injections  employed. 

I  am  strengthened  in  my  opinion  that  the  focal  phenomena  are  the  principal 
factors  here,  not  only  from  my  observations  of  the  sensitizing  qualities  of  these 
two  proteins  with  many  other  cases,  but  from  their  later  behavior  in  this  case. 
A  very  little  later  in  his  treatment  this  patient  evidenced  a  focal  tolerance  of 
the  colon  protein,  after  only  a  few  injections  of  this  protein  used  as  a  straight 
vaccine,  which  equaled  200,000  units;  while  still  a  little  later  a  focal  tolerance 
was  obtained  with  a  few  injections  of  the  strep  top  rotein  of  120,000  units.  All 
of  these  injections,  although  causing  systemic  reactions,  were  devoid  of  any 
effects  focally ;  but  it  is  possible  that  their  respective  bacteria  had  then  ceased 
to  be  focal  factors,  that,  by  this  time,  the  mixed  process  had  been  converted  into 
an  unmixed  tubercular  infection. 

This  tenable  conclusion  would  seem  to  be  upheld  by  the  rapid  improvement 
of  this  patient  noted  after  the  focal  manifestations  produced  by  the  colon  and 
streptoproteins  had  subsided.  This  phenomenon  has  been  often  noted  in  other 
cases,  after  the  initial  stage  of  improvement,  and  with  other  bacterial  proteins, 
including  the  tuberculoprotein  particularly  in  infections  of  the  joints. 

With  this  case  it  was  also  ascertained  that  sensitization  against  the  staphylo- 
protein  had  very  perceptibly  lessened  at  the  end  of  twelve  weeks ;  and  that, 
with  the  colon  protein,  this  was  not  the  case  at  the  end  of  eleven  weeks.  At  the 
end  of  twelve  months  sensitization  against  the  streptoprotein,  although  it  had 
waned  perceptibly,  was  still  efficient  for  the  production  of  a  sharp  reaction  after 
an  injection  with  that  protein,  which  indicated  it  had  lost  nearly  one-half.  In 
this  respect  the  tuberculoprotein  is  apparently  in  a  class  of  its  own;  for,  at 
the  expiration  of  one  year  and  six  months,  absolutely  no  evidence  was  apparent 
with  this  case  that  his  sensitization  against  this  protein  was  not  as  high  as  it 
had  been  at  the  conclusion  of  his  treatment. 

It  required  eig"hty-four  weeks  to  sensitize  this  subject  to  the  tuberculoproteii 
sufficiently  for  2  c.c.  not  to  cause  a  systemic  reaction  when  given  subcutaneously 
thirty-two  weeks  to  sensitize  him  against  the  streptoprotein  so  that  1.2  c.c.  cause 
but  mild  systemic  symptoms;  twenty  weeks  for  like  but  more  toxic  results  fro 
2  c.c.  colon  protein — and  the  sensitizations  against  the  two  latter,  and  especial! 
the  colon  protein,  were  undoubtedly  delayed  by  untoward  focal  phenomena- 
while  an  equal  degree  of  sensitization  to  that  against  the  tuberculoprotein,  th 
poorest  sensitizing  protein  of  them  all,  could  have  been  obtained  against  tb 
staphyloprotein,  the  best  sensitizer,  in  probably  six  weeks  at  most. 

The  above  relation  as  sensitizers,  and  as  evincing  the  comparative  viruleno 
of  the  above-named  bacterial  proteins  has  proved  practically  the  same  in  ever! 
single  one  of  some  hundred  cases  where  one  or  more  of  these  bacteria  hav 
been  found  as  concomitant  infectors  with  the  tubercle  bacillus;  and  this  fac 
alone  furnishes  the  most  potent  of  reasons  against  the  employment  of  mixe 
vaccines  that  can  possibly  be  advanced.  This  is  not  a  haphazard  conclusion,  nc 
is  it  based  alone  on  the  behavior  of  these  four  different  bacterial  proteins  up 
the  infected   subject;   for,   although   these   differences   are   accentuated   possib 
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with  the  multiple  infected,  they  absolutely  obtain  to  a  possibly  less  extent  witli 
the  uninfected.  Almost  absolutely  exact  comparisons  were  possible  with  these 
protein  preparations  for  the  reason,  as  already  given,  that  they  each  contain  a 
like  auKnmt  of  their  respective  bacterial  substance,  of  a  multiple  strain,  to  each 
cubic  centimeter,  of  a  like  cellular  fineness  in  suspension  or  solution. 

As  a  sensitizer  the  polyvalent  colon  protein  stands  between  the   staphylo- 

and  streptoprotein  preparations,  but  much  nearer  the   former  than  the   latter. 

It  is  a  good  protein  with  which  to  work.     As  to  the  polyvalent  streptoprotein, 

.    as  has  been  said,  it  has  proved  so  unexpectedly  puzzling  with  which  to  work 

I    at  times,  that,  in  the  more  acute  cases  especially,  if  this  protein  is  found  to  be 

I    specific  to  a  concomitant  infector,  and  the  case  is  found  not  to  react  to  some 

I   other,  and  less   "aggressive,"  protein,   it  has  been,   and  still   is,   my  custom  to 

deliberately  sensitize  against,  preferably,  the  staphyloprotein,   and   employ  this 

protein  to  control  tolerance. 

This  process  of  sensitizing  the  subject  to  this  protein  preparation  can  be 
accomplished  generally  after  three  intravenous  injections,  followed  by  a  wait 
of  two  weeks,  when  the  former  nontoxic  initial  sensitizing  dose  almost  invariably 
causes  the  classical  reaction  when  employed  intravenously.  This  initial  dose 
averages  0.1  c.c.  After  a  few  additional  intravenous  injections  the  patient  will 
invariably  begin  to  react  to,  of  course,  a  much  larger  dose  given  subcutaneously. 
It  may  be  added  irrelevantly  that  this  preparation,  as  well  as  the  colon  protein. 
I  has  been  doing  yeoman  service  in  the  tropics  for  two  years  in  the  treatment, 
nonspecifically,  of  certain  chronic  skin  affections,  and  of  the  so-called  tropical 
ulcer,  many  of  them  of  undiscovered  etiology. 

Additional   evidence   that   this  patient   was   being  gradually   and   efiiciently 

sensitized  to  the  tuberculoprotein  is  found  in  the  following  two  experiments.     It 

had  been  found  quite  accidentally  that  when  a  subject  would  tolerate  a  certain 

pose  of  any  of  these  bacterial  protein  preparations  when  given  subcutaneously, 

|and  when  this  systemic  tolerance  of  the  protein  was  mostly  due  to  sensitization, 

and  not  to  a  tolerance  of  the  poison,  that  from  1  TOO  to  1/20  of  that  dose  of  the 

'■ame  protein  could  be  given  intravenously  with  safety,  although  it  was  followed 

>  a  chill.     \Mien  this  patient  could  tolerate  1  c.c.  tuberculoprotein  in  the  man- 

icr  mentioned,  and  after  a   sufficient  time  had  elapsed   to  allow   any  possible 

'ilerance  to  wane,  0.025  c.c,  or  1/40  of  the  nontoxic  subcutaneous  dose,  was 

iven  intravenously.    This  was  followed  in  a  half-hour  by  a  chill,  and  the  classi- 

al  reaction,  in  no  wav  differing  from  that  caused  b}'  any  otlu-r  ]»r()lein.      IHs 

I'grec  of  sensitization  at  that  time  was  not  sufficient  to  break  up  0.025  c.c.  of 

lis  particular  protein  beyond  the  toxic  stage  of  its  cleavage  intravenously. 

When,  howe\er,  the  ]iat,ient  could  tolerate  2  c.c.  i»f  this  i)roteiii  subcutane- 
asly  this  intravenous  ])rocedurc  was  repeated,  but  with  absolutely  not  the 
i,t,4itest  noticeable  reaction  of  any  kind  soever.  Very  obviously  0.025  c.c. 
ilterculojjrotein  could  now  be  brcjken  up  beyond  its  toxic  stale  of  clea\age  when 
jtroduced  into  tiie  blood  stream. 

'  This  exposition  must  not  be  consicU-recl  as  a  model  ior  the  m.inagiMnent,  or 
(-■n  treatment,  of  the  tubercnl;n-  ]>rocess,  but  rather  as  a  skeleton  upon  which 
model  for  e.acli  class  of  this  infection  of  such  \aried  manifeslalions  might  be 
'rtly  constructed  and  finally  built  to  lit  the  exigencies  of  eacli  ])articular  case. 
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This  work  was  all  completed  over  three  years  since,  and  has  been  reviewed 
and  studied,  written  and  revv'ritten,  and  compared  with  much  of  the  more  recent 
work,  especially  with  that  having  to  do  with  the  nonspecific  treatment,  with  pro- 
teins, of,  for  the  most,  chronic  infections.  I  have  attempted  to  reconcile  my 
results  with  other  conceptions  of  immunity  at  more  or  less  variance  with 
Vaughan's  theory  of  protein  sensitization,  notably  those  of  Jobling  and  Peter- 
son, and  Bronfenbrenner ;  but  with  results  not  complimentary  to  these  other 
conceptions,  mostly  in  that  they  arc  not  reconcilable  with  two  fundamentally 
important  considerations — the  patient  and  the  remedial  agent.  The  doubly,  or 
multiply,  infected  organism  finds  no  place  in  these  schemes ;  and  the  double 
physiological  effect  of  proteins  is  entirely  overlooked. 

If  there  are  any  flaws  in  the  interpretations  of  the  results  herein  set  forth, 
which,  with  the  exception  of  certain  views  on  toxicity,  are  but  the  clinical  ap- 
plication of  Vaughan's  experimental  conclusions,  a  great  deal  of  additional 
work  with  vaccines  upon  a  variety  of  other  infections  done  since  has,  so  far, 
failed  to  make  these  evident.  However,  of  this  I  am  certain,  of  the  two  factors 
entering  into  the  successful  treatment  of  the  infections,  in  so  far  as  protein 
therapy  alone  is  concerned,  the  nonspecific  and  the  specific,  the  former  is  of  the 
more  importance,  in  that  it  paves  the  way,  so  to  speak,  for  the  more  delicate  pro- 
cedure of  specific  therapy,  when  this  is  necessary;  and  with  tuberculosis,  for 
the  consummation  of  the  much  more  efficient,  much  more  enduring,  results  of 
this  therapy,  a  hypersensitization  against  the  most  aggressive  infector  of,  in 
the  great  majority  of  instances,  a  multiple  process,  the  tubercle  bacillus. 

I  have  been  repeatedly  asked  why,  when  such  good  results  so  often  follow 
a  nonspecific  therapy  in  tubercular  infections,  run  the  risks  of  the  more  dan- 
gerous administration  of  the  homologous  protein.  The  answer  differs  only  in 
one  respect  from  one  of  Gay's  presumable  reasons  for  preferring  a  specific  to 
a  nonspecific  therapy  in  typhoid,  which  was  that  "in  addition  it  will  produce 
an  active  immunity."  My  answer  always  has  been  that  the  tuberculoprotein 
only  will  produce  an  active  immunity;  and  it  might  be  added  that  after  the  good 
results  have  been  obtained  from  a  nonspecific  therapy,  the  specific  therapy  is 
no  longer  any  more  dangerous  than  the  nonspecific.  That  it  is  the  more  efficient 
of  the  two,  note  the  following: 

After  24  weeks  of  treatment  with  proteins  other  than  the  tuberculoprotein, 
this  patient  had  gained  in  sensitization  against  the  latter  about  6,000  units;  but 
after  only  seven  weeks  of  treatment  with  the  tuberculoprotein  his  gain  was  very 
much  over  44,000  units. 

If  there  was  any  reason  for  having  continued  the  tuberculoprotein  in  thi 
case  until  2  c.c.  caused  no  perceptible  reaction  it  was  because  it  had  required  or 
an  average  of  2  c.c.  of  other  proteins  to  control  his  tolerance  at  various  times 
This  dose  w'ould  represent  200,000  units ;  but  how  much  beyond  this  figure  hi 
degree  of  sensitization  really  had  reached  I  do  not  know;  although,  withou 
much  doubt,  it  w^as  higher. 

In  the  first  place,  from  the  time  he  was  g'nen  1  c.c,  when  he  was  receiving 
his  injections  once  a  week,  only  ten  additional  treatment  injections  of  the  tuber| 
culoprotein  were  used,  first  at  two-week  intervals,  and  then  at  intervals  of  j 
month.     From  none  of   these  injections  was   there  ever  any  but  a  very  mill 
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local  reaction,  and  not  always  this;  so  that  these  might  well  have  been  due 
solely  to  some  of  the  injected  protein  being  deposited  in  areas  of  skin  previously 
locally  sensitized  by  one  or  more  of  his  now  many  injections  of  this  protein. 

In  the  second  place,  eighteen  months  showed  no  abatement  of  his  sensitiza- 
tion from  a  repetition  of  this  dose ;  and,  as  stated  this  was  verified  by  an  intra- 
cutaneous injection  of  tuberculoprotein  supplemented  with  a  subcutaneous  in- 
jection of  a  protein  to  which  he  did  react,  as  well  as  by  an  intravenous  injec- 
i  tion  of  a  former  nontoxic  dose  of  this  protein.  So  that,  rather  than  evincing 
an  undiminished  sensitization,  these  tests  really  demonstrated  a  sensitization 
not  diminished  to  such  an  extent  as  to  cause  a  toxic  cleavage  of  a  former  non- 
toxic dose  of  the  tuberculopi^otein. 

Two  years  after  his  discharge  as  cured,  long  before  ^^•hich  time  he  had  re- 
sumed his  former  occupation — in  fact,  he  had  done  this  several  months  before 
his  discharge — this  former  pitiable  object  of  humanity  was  the  picture  of  per- 
fect health,  and,  with  the  exception  of  a  very  perceptibly  retracted  right  chest 
wall,  and  some  healthy  scars  of  the  neck,  bore  absolutely  no  signs  of  his  severe 
infection.     Three  years  after,   inquiries   from  an  interested  friend  elicited  the 
[information  that  he  was  still  a  hard  working,  perfectly  healthy  man,  with  habits 
of  life  in  marked  contrast,  for  the  better,  with  those  of  his  pre-treatment  days — 
and  this  has  practically  been  the  later  histories  of   some  twenty  others,  in  so 
far  as  it  has  been  possible  to  learn  of  these  former  advanced  tubercular  patients. 
As  to  the.  blood,  this  case  was  unfortunately  not  among  the  number  upon 
which  counts  were,  at  least  regularly,  made ;  nor,  as  will  be  seen,  are  the  con- 
clusions following  based  upon  the  actual  number  of  cases  where  counts  were 
made,  so  much  as  upon  comparative  counts  made  during  the  absence,  with  those 
made  during  the  presence,  of  that  nonspecific  condition  here  designated  as  tol- 
erance.    The  following  tables  are  really  based  upon  counts  from   12  cases,  36 
n  number,  and  so  divided  that  the  two  extremes,  and  the  mean,   changes  in 
he  small  lymphocytes  will  show  a. fair  average;  and  it  is.  let  it  be  added,  only 
.'ery  recently  that  these  counts  have  been  arranged  for  study,  and  certain  deduc- 
ions  drawn  therefrom,  although  they  were  all  made  several  years  since  for  a 
omewhat  difi^erent  purpose. 

This  purpose  may  be  said  to  have  had  its  inception  in  the  observation  of 
"riedberger  and  Schymanowski,  cited  by  Vaughan,"  that  the  i)rcsence  of  leuko- 
ytes  seems  to  prevent  the  formation  of  auaphylatox'ui,  which,  whate\er  its  real 
latrix,  is  a  protein  poison,  and  that  they  apparently  destroy  it  when  abundantly 
"imed.  The  suggestion  of  Vaughan  that  the  leucocytes  digest  the  poison  and 
'inert  it  into  a  harmless  body,  taken  in  conjunction  with  the  noted  leucocytosis 
jarly  following  the  injection  of  ])roteins,  seemed  to  ofter  a  i)()ssil)le  means  of 
''•ntrolling  injections  given  for  the  purpose  of  producing  tolerance,  and  ot"  main- 
lining it  at  cfticiency;  that  is,  of  determining  the  intervals  lictween  treatment 
ii<"ctions. 

This  opinion,  as  to  the  utility  of  the  numerical  white  count,  has  now  been 
"adcncd  to  the  extent  that  the  blond  picture  is  considered  of  equal,  if  not 
i-ater,  importance  th;in  the  dil'fereiuial  while  eoiuU.  and  that  this  dilleri'ntial. 
the  smears  are  carefully  and  unit'orml\'  prepared,  will  sliow  all  that,  or  more 
"1.  will  the  numerical  count,  even  to  the  extent  ol'  ob\iating  the  jiossible  ncccs- 
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sity  of  making  the  latter;  and,  in  that  this  picture  offers  a  means  of  no  mean 
order  for  treatment  control,  in  that  it  probably  offers  very  early  evidence,  not 
only  of  an  ill-directed  therapy,  which  is  veiy  desirable,  but  also  of  the  progress 
of  the  patient  at  an  earlier  date  than  any  other  signs  indicate.  As  to  its  offer- 
ing any  sure  means  of  gauging  injection  intervals  I  am  still  somewhat  in  doubt. 

First  as  to  the  blood  picture,  strictly  speaking.  Possibly  due  to  the  fact 
that  my  cases  of  tuberculosis  have  been,  for  the  most,  advanced  ones,  I  wa- 
early  struck  by  the  dift'erence  in  appearance  of  the  white  cells  of  some  of  the 
smears  made  for  differential  counting,  and,  in  those  few  instances  where  the\ 
were  made,  by  a  certain  difficulty  in  making  numerical  counts  of  blood  from  the 
same  patients,  when  compared  with  other  specimens.  At  that  time  this  was 
at  first  thought  to  be  due  to  faulty  p'-eparation  of  specim.ens,  in  that  most  of 
them  were  carried  from  the  bedside  to  the  laboratory  for  fixing,  staining  and 
examination.  No  account  was  taken  of  the  fact  that  my  office  cases  were  mostly 
far  along  in  convalescence,  and  furnished  the  good  specimens,  and  that  my  bed- 
ridden cases  were  of  particularly  ugly  types,  and  furnished  the  bad  specimens ; 
so  that,  this  difference  between  the  two  classes  was  attributed  to  a  possible 
drying  out  of  the  specimens  before  fixing. 

The  fixing  of  specimens  at  the  bedside  was  easy  of  accomplishment;  but  thi- 
offered  no  solution.  Before  the  institution  of  a  portable  microscope  and  stain- 
ing outfit  were  well  established,  however,  some  of  these  specimens  began  to 
assume  a  different  appearance.  The  white  cells  from  those  patients  who  were 
improving  the  more  satisfactorily,  or  rather,  from  those  who  did  so  later  on, 
were  gradually  assuming  a  fatter,  more  rotund,  healthier  appearance ;  were  tak- 
ing the  stain  better,  could  be  more  readily  differentiated  and.  quite  apart  fron 
their  transitory  increase  following  each  injection,  with  the  accompanying  relative 
neutrophile  increase,  they  were  assuming  an  altered  relation  differentially  ir 
other  respects,  if  really  not  a  more  gradual,  more  lasting,  although  less  marked 
increase  numerically. 

Counting  the  large  mononuclears  and  the  transitionals  as  large  lymphocyte:- 
and  the  eosino[)hiles  and  mast  cells  as  pol3'morphonuclears,  for  the  reason  tha 
this  procedure,  now  recognized  as  at  least  unfortunate,  greatly  facilitated  tlv 
making  of  many  and  repeated  counts,  the  following  table  is  submitted  as  show 
ing  the  normal  percentage  of  white  cells  according  to  this  division  ;  the  approxi 
mate  average  of  change  from  the  normal  with  the  advanced  tuberculous  proc 
ess  having  one  or  more  secondary  infectors,  and  the  effects,  a  more  or  le.'~ 
prompt  alteration  of  this  latter,  produced  by  the  injection  of  one  or  more  bent 
ficial  doses  of  protein — that  is,  the  a^•erage  differential  picture  of  the  mixi 
tubercular  subject  with  an  inefficient  tolerance,  and  that  of  the  same  patiei 
after  a  more  or  less  efficient  tolerance  has  been  established,  in  comparison  wit^ 
the  normal  picture. 

The  counts,  the  average  results  of  which  are  portrayed  in  the  third  line 
the  table,  it  must  be  understood,  were  invariably  made  from  two  days  to  o 
week  after  any  injection  of  the  treatment  protein;  that  is,  after  the  transie; 
leucocytosis  immediately  following  the  injection  had  subsided.  For  the  puj 
])ose  of  making  these  counts,  as  has  been  said,  was  merely  to  regulate  prote 
treatments. 
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SMALL  LYMPHS 

LARGE  LYMPHS 

POLYMORPHS 

Xormal 

22% 

11% 

67%> 

Inefficient  tolerance 

20% 

16% 

64%, 

Efficient  tolerance 

2% 

24% 

74%> 

From  this  table  it  can  be  seen  that  the  low  small  lymphocyte  count,  in- 
variably associated  with  correspondingly  high  large  lymphocyte  and  neutrophile 
counts,  may  be  said  to  constitute  the  most  prominent  characteristic  picture  of 
the  early  improving  patient ;  and,  when  this  occurs,  or  even  when  a  tendency 
towards  this  changed  numerical  arrangement  obtains  and  is  accompanied  by 
the  improved  physical  appearance,  if  the  term  be  permitted,  of  the  cells,  it  can 
,  be  regarded  as  infallible  evidence  that  the  effects  of  the  protein  injections  are 
j  beneficial  to  the  pa.tient. 

As  to  the  promptness  with  which  the  maximum  change  in  the  small  lymph- 
ocyte may  occur,  note  the  following:  Among  the  half-dozen  cases  where  zero 
was  reached  with  respect  to  this  cell,  this  was  noted  in  one  joint  case  with  an 
initial  17  per  cent  after  three  injections  given  at  three  and  four  day  intervals; 
while,  in  marked  contrast,  with  another  case,  an  ambulant  pulmonary  with  an 
linitial  24  per  cent,  this  occurred  only  after  thirty  weeks  of  treatment,  many  pro- 
tein injections,  and  after  the  ninth  injection  of  the  tuberculoprotein. 

On  the  other  hand,  the  highest  low  percentage  of  small  lymphocytes  no- 
ticed in  a  bed-ridden  pulmonary,  16  per  cent  from  an  initial  24  per  cent,  was 
i obtained  only  after  the  eighteenth  injection  of  a  protein  other  than  the  tuber- 
culoprotein ;  while  with  another  pulmonary,  also  under  a  strict  regimen,  a  reduc- 
tion from  the  initial  28  per  cent  to  9  per  cent  was  noted  after  a  single  injection 
of  a  ])rotein  homologous  to  a  secondary  infector. 

It  is  interesting  as  well  as  significant  to  note  that  with  still  another  advanced 
pulmonary  an  excursion  of  temperature  following  an  attack  of  indigestion,  not 
m  exacerbation  of  the  process,  be  it  tmderstood.  acted  more  efficiently  than  a 
lose  of  vaccine,  or  even  than  a  large  number  of  them,  in  that  it  further  reduced 
iin  already  reduced  minimum  10  per  cent  to  zero — probably  the  effect  of  an 
libsolutely  si)ecific  autovaccine  "activated"  by  the  intestinal  irritation  accompany- 
ng  the  indigestion.  This  case  reacted  focally  to  the  colon  protein,  be  it  notecl. 
All  of  these  cases  had  shown  a  tendency,  more  or  less  marked,  towards 
he  low  small  lymphocyte  count  from  the  very  first,  or  first  few  injections  of 
accines. 

There   seems   to  be  nothing  to   indicate   any   specific   action   in   this,   other 
ban  that,  while  a  return  towards  the  differential   average  of  "inefficient   toler- 

ince"  seems  to  be  immediate  after  too  large  or  too  fre(|uently  rc'])oated  injec- 
ons  of  proteins  which  cause  systemic  reactions,  but  no  focal  manifestations, 
'lis  is  only  less  immediate  after  injections  of  vaccines  which  do  cause  focal 
lanifestations  in  that  the  influence  of  these  manifestations,  which  are  lure 
icondary  specific  i)henomena,  is  not  exerted  as  promptly  after  the  injection  as 
1  the  former  case.  In  other  words,  the  same  focal  ])henomena  making  for  the 
reatcr  \ariation  between  morning  and  evening  temperatures,  already  discussed, 
-ems  equally  to  make  for  the  undoubtedly  less  satisfactory  blood  pictme.  in- 
"ding  the  ])artial  differential  of  the  second  line  of  the  above  tabli-.  To  what 
ii^tical  ap](lication  this  could  be  put  remains  to  \\v  worked  out. 
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Let  US  consider  this  question  from  another  viewpoint,  at  least  in  so  far  as  I 
the  above  division  of  white  cells  will  permit,  viz. :  ^  ' 


LYMPHOCYTES 

LEUCOCYTES 

Normal 

33% 

67% 

Inefficient  tolerance 

36% 

64% 

Efficient  tolerance 

26% 

74% 

This  table  would  seem  to  place  the  weight  of  evidence  greatly  in  favor  of 
the  leucocytes  as  being  at  least  the  principal  factors  responsible  for  the  produc- 
tion of  the  nonspecific  beneficial  condition  of  the  infected  organism  here  desig- 
nated as  tolerance. 

Again,  considering  the  above  table  from  the  point  of  view  of  the  phagocytic 
action  of  the  white  cells,  the  following  deductions  are  both  interesting  and  in 
structive.  The  lymphocytes,  if  not  constituting  the  macrophages  of  Metchnikoff, 
may  be  said  to  include  these  phagocytes,  the  large  mononuclears.  One  func- 
tion of  these  cells  is  certainly  the  digestion  of  the  metabolic  detritus  of  the, 
organism.  The  leucocytes  in  reality  are  the  microphages  of  this  illustrious 
savant ;  and  it  is  these  cells  that  play  the  important  role  in  bacterial  infections.    ; 

Now,  at  the  time  when  the  destructive  changes  in  the  cells  of  the  infected 
organism,  and  these  would  necessarily  include  the  leucocytes,  w'ould  naturall)i 
be  considered  the  highest,  during  an  active  bacterial  process,  when,  in  otheij 
words,  tolerance  is  inefficient  the  lymphocyte  percentage  is  at  its  high  mark 
and  the  leucocyte  at  its  low ;  while,  at  the  time  that  these  destructive  changes 
if  not  at  their  lowest,  are  at  least  less  high,  during  a  rest  in,  or  a  retrograde  of 
bacterial  activity,  when  tolerance  is  efficient,  the  lymphocyte  is  at  its  lowest,  anc 
the  leucocyte  at  its  highest  mark. 

The  exact  figures  are  here  immaterial,  for  they  are  necessarily  of  the  mos 
relative,  and  beside  the  point;  it  is  the  facts  that  count,  and  these  are  too  obviou: 
to  be  ignored. 

There  are  other  and  quite  tenable  deductions  to  be  drawn  from  these  partia 
differential  counts ;  but,  lacking  the  percentages  of  especially  the  large  mono 
nuclears  and  the  transitionals,  as  well  as  accurate  simultaneous  numerical  count« 
which  were  made  on  insufficiently  numerous  occasions,  these  would  be  opei 
to  criticism  as  being  premature  conclusions. 

However,  it  may  be  said  that  in  every  instance  where  a  numerical  coun 
was  made  in  conjunction  with  either  the  above  partial  differential,  or  with  th 
differential  of  wider  scope,  there  was  invariably  a  greater  or  lesser  increas 
above  the  normal  of  the  total  number  of  white  cells  with  the  intolerant  case- 
and  as  invariably  an  increase  of  the  same  kind,  perhaps  uniformly  higher,  wit 
the  tolerant  subjects — in  no  instance,  however,  nearly  equaling  the  transitor 
increase  early   following  the  protein  injection. 

Further,  it  may  be  said  that  the  increase  in  the  intolerant  cases  seeme 
to  bear  a  direct  relation  to  the  multiplicity  of  the  mixed  infection;  while  th 
increase  in  the  tolerant  subject  undoubtedly  bore  a  direct  relation  to  both  th 
sharpness  and  the  evanescence  of  the  reactions  produced  by  the  protein  injei 
tions,  which  undoubtedly  indicates  a  higher  relative  specificity  of  the  proteii 
employed. 
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The  tendency  of  this  composite  blood  picture,  however,  was  to  early  and 
quickly  revert  to  the  normal  with  the  consummation  of  an  efficient  tolerance 
and  the  discontinuance  of  reaction  producing  doses  of  vaccine,  and  again  to  re- 
turn to  the  "inefficient  tolerance"  picture  if  tolerance  became  inadequate,  for  any 
reason,  or  focal  reaction  producing  injections  were  given.  And  this  could  and 
did  occur  a  number  of  times  with  many  cases,  irrespective  of  the  stage  of  the 
treatment — in  other  words,  this  blood  picture  had  absolutely  nothing  to  do  with 
the  degree  of  sensitization  acquired  by  the  patient;  while  the  degree  of  sensitiza- 
tion, as  already  shown,  had  everything  to  do  with  the  permanent  cure,  or  the 
specific  immunity,  established. 

The  tubercular  patient  with  a  semiacute  process  and  a  readily  demonstrated 
lesion,  whether  in  the  form  of  a  more  or  less  circumscribed  pulmonary,  focus 
I  or  another  similar  lesion,  for  obvious  reasons  is  the  ideal  subject  for  the  study 
of  protein  therapy,  and  of  its  effects  in  relation  with  the  progress  of  the  infec- 
tion.    Such  a  subject  in  which  the  symptoms  of  the  malady  are  visualized  as 
!  the  primary  effects  upon  the  infected  organism  of  the  parenteral  cleavage  of 
j  bacterial  proteins  of  an  absolute  specificity,  and  secondarily  so  through  the  ef- 
I  fects  of  this  cleavage  upon  the  infecting  microorganisms,  or  on  the  process,  if 
it  is  considered  as   a  living,   increasing   or   active,   or,   decreasing  or   inactive, 
entity,  is  far  superior  to  any  test  tube  eft"orts  aimed  at  such  a  study. 

The  symptoms  of  a  protein  therapy,  both  the  reactions  and  the  results,  al- 
though necessarily  regarded  in  exactly  the  same  light,  must  in  addition  be  viewed 
as  the  effects  of  probably  relatively  less  specific  proteins,  but  of  proteins  whose 
[potential  qualities  have  been  enhanced  by  modifying  them  physically  to  a  greater 
or  less  extent ;  that  is,  in  that  they  have  been  rendered  capable  of  a  more  ready 
cleavage  and,  up  to  a  certain  point  in  their  cleavage,  of  a  greater  toxicity,  as 
well  as  capable  of  more  readily  sensitizing  the  subject  against  the  homologous 
protein  of  the  bacterial  invader. 

There  is  absolutely  no  other  construction  to  be  put  on  the  change  in  the 
proteins  of  the  preparations  so  far  successfully  employed  in  vaccination — from 
the  time  of  the  first  authentic  employment  by  Jenner  of  the  relatively  less  spe- 
:ific,  less  virulent,  virus  of  cowpox  in  prophylactically  vaccinating  against  small- 
pox, to  the  modification  of  the  virulence  of  the  pathogenic  virus  by  animal  pas- 
age,  as  practiced  by  Pasteur,  down  to  the  more  recent  "sensitization"  of  the 
lacteria,  as  first  practiced  by  Besredka,  and  the  distintcgration  of  the  bacterial 
:ells  by  mechanical  means— as  tenable  as  that  this  change  is  due  to  the  fact  that 
;he  virus,  or  the  bacterial  cellular  substance,  so  employed  is.  or  has  been  ron- 
lered,  less  resistant  than  the  infecting  virus  or  pathogenic  bacteria. 

Whatever  the  ostensible  purpose  of  the  method  of  modifying  the  bacterial 
Totein  for  therapeutic  application,  and  this  has  been  \ari()us,  this  one  absolutely 
-scntial  thing  has  been  accomplished,  whether  the  original  one  has  or  not — ■ 
jinariably  the  protein  has  been  made  more  susceptible  to  cleavage  by  the  paren- 
pal  enzymes;  and  the  only  exception  as  to  its  toxicity  having  been  at  the 
ame  time  relatively  increased,  is  to  be  I'nund  in  the  case  of  Vaughan's  "cell 
'"^idues."  from  which  the  poisf)n,  an  integral  part  of  the  protein,  and  not  a 
•'-formed  toxic  bodv,  has  been  renio\cd  by  disrupting  tlie  protein  molecule 
'lemically  and  extracting  it  with  absohite  alcoliol.  in  which  the  poison  is  soluble. 
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As  to  the  proper  designation  of  this  therapeutic  agent,  the  following  is 
submitted.  As  toxins  and  ferments,  both  undoubtedly  substances  of  a  like,  or 
enzymotic,  nature,  are  correctly  included  among  the  antigens,  if,  indeed,  they 
do  not  wholly  constitute  this  class  of  hypothetical  bodies,  then  the  sensitizing 
proteins  per  se  may  not  be  rationally  so  included,  since  the  bodies  formed  against 
these  substances,  in  the  light  of  Vaughan's  still  un refuted  advancements,  are 
themselves  enzymotic  in  nature,  and,  unlike  the  antibodies,  are  not  formed  in 
the  blood.  Neither  can  the  bodies  formed  against  the  sensitizing  proteins  be 
rationally  termed  antibodies,  which  are  hypothetical  substances  of  an  antien- 
zymotic  nature. 

As  to  one  other  so-called  antibody,  that  of  agglutination,  ^\'idal  came  to 
the  undoubtedly  correct  conclusion  several  years  since  that  this  phenomenon  was 
not  a  reaction  of  immunity,  but  a  reaction  of  infection.  Considering  the  ag- 
glutinable  substance  of  the  bacterial  culture  not  as  an  essential  part  of  the  bac- 
terial cell,  which  is  undoubtedly  a  correct  conclusion,  but  as  a  probable  excre- 
tory product  of  the  bacterium,  just  as  the  toxin  is  a  secretory  product,  this  ag- 
glutinogen might,  by  a  certain  possibly  excusable  laxity  of  the  designatoiy  sense, 
be  included  among  the  antigens ;  while  the  agglutinin  might  be  regarded  as  an 
antibody,  particularly  as,  like  the  antibodies,  it  seems  to  be  formed  in  the  blood, 
and  in  that  it  also  has  no  bacteriolytic  action. 

Need  it  be  stated  here  that  any  bacteriolytic  action  attributed  to  the  anti- 
bodies, antitoxin,  like  so  many  other  Teutonic  emanations,  scientific  and  other- 
v^'ise,  has  been  almost  entirely  taken  for  granted  !  Indeed,  the  weight  of  evi- 
dence seems  to  be  much  in  favor  of  the  antibodies  being  specifically  and  indirectly 
responsible  for  the  production  of  a  nonspecific  immunity  in  infections  caused  by 
toxin  producing  bacteria  through  tolerance — not  by  enhancing  this  condition, 
but  by  reducing  the  amount  of  poison  being  liberated  in  the  infected  organism, 
through  neutralizing  the  toxin  whose  cleavage  action  on  the  body  cells  is  pro- 
ducing it,  to  a  point  below  the  tolerance  of  the  subject,  tbus  rendering  tolerance 
efficient. 

As  far  back  as  1902  it  was  demonstrated  in  Vaughan's  laboratory^  that 
immune  serum,  serum  from  the  sensitized  animal,  had  no  bacteriolytic  action 
not  also  possessed  by  normal  serum,  despite  the  fact  that  the  immune  serum 
contained  abundant  "antibodies"' — possessed  high  powers  of  agglutinating  the 
homologous  bacteria.  Yet,  without  exception,  the  critics  of  the  theory  of  pro- 
tein sensitization  still  cite  the  fact  that  no  specific  proteolytic  action  can  bcj^ 
demonstrated  in  blood  serum  as  more  or  less  conclusive  evidence  that  there  are 
no  such  bodies  as  specific  proteolytic  enzymes.  The  extreme  probability  that  it 
was  this  early  recognized  lack  of  evidence  of  the  presence  of  such  ferments  ir 
the  serum,  coupled  with  overwhelming  evidence  of  their  existence  elsewhere 
parenterally,  which  was  more  or  less  responsible  for  Vaughan's  theory  as  il 
stands,  and  has  stood,  since  its  promulgation,  seems  to  be  entirely  overlookedj 

The  theory  of  protein  sensitization,  be  it  understood,  was  not  evolved  to  ex-j 
plain  the  mechanism  of  anaphylactic  shock,  but  to  explain  immunity;  and,  al-j 
though  it  w'as  tentatively  considered  by  its  author  as  offering  a  possible  exj 
planation  of  this  dreaded  experimental  phenomenon,  it  has  not  been  materiall} 
affected  by  any  subsequent  work — the  sensitized  animal  is  particularly  liable  t(j 
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shock,  whether  it  is  produced  specifically  or  nonspecifically,  and  the  protein 
poison  must  still  he  rated  as  at  least  one  of  the  substances  decha'uiantes  of  our 
French  confreres. 

Let  us  consider  more  closely,  and  as  fair  samples,  the  two  criticisms  of 
Vaughan's  theory  of  immunity  which  have  already  been  cited,  as  to  what  weight, 
if  any,  they  should  have  in  refuting  his  advancements. 

Jobling  and  Peterson^  assume  that  bacteria  are  lipoidal  in  nature,  and  be- 
lieve that  bacteriolysis  is  due  to  the  lipolytic  effect  of  the  blood  serum,  the  bac- 
terial protein  then  going  into  solution.  And,  as  they  explain  the  toxicity  of 
both  the  injection  and  reinjection  of  protein  by  its  adsorption  of  serum  anti- 
ferment,  with  a  consequent  toxic  autodigestion  of  serum  protein,  and  state  that 
an  increased  resistance  to  digestion  is  conferred  on  the  protein  of  the  injection 
thereby,  sensitization,  according  to  this  view,  can  be  considered  only  as  an  in- 
creased ability  of  the  blood  to  digest  itself  in  the  presence  of  the  homologous 
protein  of  the  injection,  which  latter  is  itself  protected  from  destruction  by  the 
same  process.  It  may  be  added  that  a  protein  in  solution  is  still  a  protein,  and 
must  be  taken  care  of  whether  for  the  purpose  of  nourishment  or  for  that  of 
elimination. 

Much  w^ork  in  Vaughan's  laboratory,^"  done  years  before  this,  had  demon- 
strated that  bacteria  are  essentially  protein  in  nature,  and  that  fats  and  waxes 
make  no  part  of  this  protein;  while  work  in  the  same  laboratory  had  early  estab- 
lished that  the  cell  residues  either  sensitize  without  increasing  the  capability  of 
the  serum  anti ferment  to  be  adsorbed,  or  were  nontoxic  with  this  adsorption. 

Bronfenbrenner,^^  on  the  other  hand,  assumes  that  the  specific  ferment  of 
Vaughan  circulates  in  the  blood  stream.  He  regards  sensitization  as  a  specific 
phenomenon,  but  considers  that  its  specificity  rests  not  in  the  ferment,  but  in 
the  mode  of  its  activation.  The  treatment  injection  of  protein  causes  the  pro- 
duction of  antibodies  in  the  sense  of  Ehrlich.  These  specific  antibodies  unite 
Avith  the  antigen  of  the  reinjection,  which  causes  a  radical  change  in  the  degree 
of  dispersion  of  the  serum  colloids,  and  the  normal,  nonspecific  serum  ferment 
IS  activated  thereby.  Toxic  symptoms  occur  only  when  this  ferment  acts  upon 
the  proteins  of  the  blood,  which  it  does  after  large  reinjections.  When  the  re- 
injection of  antigen  is  small,  it  is  digested,  but  without  symptoms  of  intoxica- 
tion. These  visible  signs  of  intoxication  mark  the  anaphylactic  animal ;  wliilc 
the  invisible  signs  of  toxicity  mark  the  iiiiniune  animal — in  other  words,  im- 
imunity  is  the  result  of  what  might  be  called  a  misdirected  anaphylactic  shock. 

This  theory,  its  author  states,  explains  the  phenomenon  of  the  ])arenleral 
fligestion  of  proteins,  as  well  as  the  mechanism  of  i in  in  unity,  on  a  basis  very 
similar  to  that  of  Vaughan;  but  nothing  could  well  be  farther  from  the  fact. 
Its  most  glaring  difference  lies  in  its  inconsistencies,  such  as  a  specific  anaphy- 
axis  and  a  nonspecific  antianaphylaxis,  which  latter  is  also  considered  as  a  i)c- 
lign  condition.  Saying  nothing  regarding  the  assumption  alnnit  the  .sjiecific 
ferment,  this  theory  does  not  even  stand  the  lest  of  the  behavior  of,  again,  the 
:ell  residue  of  Vaughan,  whicli  sensiti/es  and  so,  according  lo  this  conception, 
nust  produce  antibodies.  I'.cxond  this,  however,  these  "antibodies"  fail  to  func- 
ion,  for  the  sensitizing  "antigen,"  reinjected  in  whatever  dose,  tails  to  produce 
oxic   symi)toms ;   althougli    it    will    cause   harm    to   the    inl'ected    >ubject    witliout 
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causing  visible  signs  of  injury  upon  its  injection,  while  its  homologous  protein 
may  cause  great  benefit  while  evincing  very  marked  signs  of  toxicity.  , 

In  effect,  as  far  as  the  question  of  immunity  is  concerned,  the  methods 
employed  in  arriving  at  the  conclusions  of  the  above  two  citations  are  "empiri- 
cal." Two  absolutely  well  defined  and  powerful  therapeutic  agents,  which  have 
dissimilar  primary  effects  and  somewhat  similar  secondary  effects,  are  regarded 
as  one  single  agent ;  and  this  is  done  inconsistently  for  the  reason  that,  in  both 
instances,  the  possibility  of  separating  toxic  proteins  into  their  two  essential 
component  parts,  the  toxic  nonsensitizing  and  the  nontoxic  sensitizing,  is  ac- 
knowledged. And,  to  quote  Fischer,^-  "zvhile  7ve  may  not  despise  any  good 
therapeutic  procedure  just  because  it  is  empirical,  zvc  have  every  reason  to  despise 
the  modern  therapist  zvho  employs  the  empirical  method  zvherc  a  rational  one 
is  at  hand."    The  above  methods  are  not  rational. 

As  before  stated,  the  ultimate  test  of  any  theory  of  immunity  must  rest 
with  its  clinical  application ;  and  in  this  respect  Vaughan's  theory  is  found  far 
from  wanting  in  comparison  with  others.  In  the  preface  of  his  "Protein  Split 
Products"  this  authority  makes  certain  brief  statements  of  points  dwelt  upon 
in  the  volume.  Some  of  these  points  will  be  given  in  conclusion  as  having  been 
verified  clinically  with  several  hundreds  of  cases  of  different  infections,  treated 
nonspecifically  and  specifically  with  different  protein  substances,  from  among 
which  the  case  cited  and  discussed  has  been  chosen,  not  for  the  reason  that  it  is 
unique  as  far  as  evidencing  the  correctness  of  these  points  is  concerned,  but 
rather  because  the  patient's  amiable  attitude  towards  any  possible  discomfort  due 
to  testing  out  questionable  conclusions  allowed  these  tests  to  be  made  in  greater 
number  than  with  any  other  single  case. 

Protein  soisitication  and   bacterial  immunity,  apparently  antipodal,  are  in 

reality  identical. 

.  .  «, 

Vaccines  are  protein.  sensiti.:ers. 

When  proteins  are  subjected  to  the  action  of  disrupting  agents,  as  when 
introduced  parenterally,  there  is  the  possibility  of  the  chemical  nucleus  bcingl 
set  free  more  or  less  completely,  and  'o  the  extent  that  it  is  detached  it  becomes  \ 
a  poison. 

The  protein  poison  is  not  specific.  2 

The  tolerance  zvhich  may  be  secured  by  the  protein  poison  is  not  specific. 
The  sensitization  developed  by  a  protein  is  specific,  but  is  not  due  to  the^ 
poisonous  group  of  the  protein. 

The  poison  elaborated  in  all  infectious  diseases  is  the  same. 

if 
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ALL  infectious  diseases  are  potential  producers  of  "carriers."  We  mean 
by  that  that  a  germ  which  produces  a  disease  may  outHve  the  symptoms 
of  the  disease  in  the  individual  and  may  remain  living  and  reproducing  in  the 
body  of  its  host  from  whom  it  is  given  off  or  excreted.  The  individual  in 
whom  such  bacteria  live  and  from  whom  they  are  given  off  we  call  a  carrier. 
To  account  for  this  state  of  affairs,  in  which  a  pathogenic  organism  thrives 
within  the  body  of  a  host,  we  say  that  the  host  has  become  immune  to  the  or- 
ganism and  that  the  organism  has  at  the  same  time  become  immune  to  the 
host, — to  its  cells  and  fluids.  Between  the  two  organisms  there  has  been  de- 
veloped a  reciprocity  that  permits  both  to  live  harmoniously.  If,  however,, 
these  symbiotic  bacteria  leave  the  body  of  their  host  and  gain  access  to  the 
body  of  another  individual,  disease  is  apt  to  occur  in  that  second  individual. 

Sometimes,  however  a  carrier  is  a  person  who  has  not  had  the  disease  which 
his  bacterial  guest  is  prone  to  produce.     Such  a  person  is  oftentime  only  rela- 
tively immune  and  any  shock  may  make  it  possible  for  the  guest  to  rob  the 
house  and  even  to  destroy  the  host.     Shocks  which  are  active  in  lowering  resist 
ance  may  be  such  relatively  slight  things  as  mild  fatigue  or  chilling. 

So  there  are  two  types  of  peace  between  organisms, — between  host  and 
guest, — one,  that  which  follows  a  struggle ;  the  other,  that  which  seems  to  be 
the  result  of  a  temporary  agreement.  The  former  tends  to  be  more  permanent ; 
the  latter  to  be  less  so,  or  even  very  transient.  In  the  case  of  typhoid  the  peace 
is  apparently  permanent,  as  it  is  in  scarlet  fever.  In  the  case  of  pneumonia, 
on  the  other  hand,  it  is  apt  to  be  transient  and  in  force  only  during  the  good 
behavior  of  the  individual.  In  meningitis,  the  conditions  we  do  not  understand 
even  as  well  as  we  do  those  in  pneumonia.  If  there  is  a  truce  between  meningo- 
cocci and  host,  then  those  cocci  act  as  do  the  Huns,  striking  with  no  apparent  good 
reason. 

It  is  sometimes  believed  that  the  germs  of  carrier  origin  are  less  virulent 
than  those  excreted  by  persons  sick  of  a  disease  and  that  transmission  from 
person  to  person  heightens  their  pathogenicity.  So  one  accounts  for  the  fact 
observed  in  many  epidemics  that  the  early  cases  are  more  benign  than  those  ap- 
pearing later  in  the  epidemic.  In  the  cases  of  meningitis  and  pneumonia,  at 
least,  there  seems  to  be  no  good  evidence  that  this  is  true.  Or,  if  it  be  true, 
then  there  is  evidence  in  the  course  of  events  as  we  have  seen  it  in  Camp 
Greene,  that  transmission  from  person  to  person  did  not  occur,  for  in  neither 
pneumonia  nor  meningitis  was  there  any  evidence  that  the  virulence  of  the 
organisms  was  enhanced. 

Naturally  enough  we  know  most  about  the  carriers  of  those   diseases  iH' 
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which  the  causative  organisms  are  known.  Also  where  our  knowledge  of  the 
bacterium  concerned  in  a  disease  is  most  complete,  there  also  is  our  knowledge 
of  the  carrier  problem  most  complete.  For  instance,  we  know  a  great  deal  about 
the  carrier  problems  connected  w'ith  typhoid  fever  and  diphtheria,  ^\'e  know 
less  about  those  connected  with  meningitis  and  pneumonia,  and  next  to  nothing 
about  those  pertaining  to  mvmips,  scarlet  fever,  and  measles.  From  this  it 
follows  that  the  methods  we  pursue  with  regard  to  typhoid  fever  are  based 
upon  knowledge  and  are  therefore  systematic,  while  with  regard  to  pneumonia 
and  meningitis  the  methods  are  based  upon  very  incomplete  knowledge  and  are 
therefore  unsystematic  and  empiric.  Just  because  of  this  lack  of  definite  knowl- 
edge of  meningitis  and  pneumonia  it  seems  interesting  to  see  what  can  Ijc 
added  to  our  understanding  of  it  from  our  experience  in  this  camp  and  to  com- 
pare our  experience  with  those  in  other  places  where  soldiers  are  gathered  to- 
gether. 

These  two  diseases  haxe  been  prevalent  in  the  camps  and  contonments  of 
the  United  States  during  the  ])a>t  winter  and  have  been  the  basis  of  a  great  deal 
of  comment  both  lay  and  professional.  Meningitis  particularly  has  had  an 
intense  sentimental  effect.  Sometimes  this  was  really  merited,  .sometimes  not. 
Unfortunatel}',  a  great  deal  of  the  excitement  which  has  been  an  outgrowth  of 
the  incidence  of  both  diseases  has  been  due  to  a  sort  of  general  false  impression 
fostered  by  unfounded  individual  and  unscientific  deductions.  Xot  in  all  cases, 
of  course,  but  in  many.  There  has  been  too  much  of  what  "my  boy  says;'' 
too  much  correspondence  by  "my  boy"  on  themes  which  he  should  never  have 
tackled.  He  didn't  mean  to  cause  trouble,  but  he  did.  and  it  can  scarcely  be 
prevented.  We  have  a  democratic  army  and  every  one  outside,  and  inside  too 
for  that  matter,  thinks  he  has  a  perfect  right  to  draw  his  own  conclusions  and 
criticize  when  and  how  he  pleases.  Often  it  happens  that  he  does  not  know 
the  whole  situation  and  more  often  he  is  not  fitted  to  discuss  the  situation  e\  en 
if  he  knows  it.  A  great  many  persons  have  been  unable  to  realize  that  under 
the  very  unusual  weather  conditions  which  prevailed  during  the  past  winter  the 
only  wonder  is  that  tliere  was  so  little  sickness  in  the  cam])s;  not  that  there 
was  so  much.  By  all  the  usual  rules  and  suspicions  meningitis  and  pneumonia 
should  have  l^een  far  more  widespread  than  they  were.  Measles  com[)lications 
might  have  run  riot.  That  this  did  not  happen  at  Camp  Greene  was  due  largely 
to  the  Base  Hospital,  a  most  unusual  institution,  which  in  spile  of  its  youth  has 
been  extraordinarily  efficient. 

Suppose  we  lea\e  these  glittering  generalities  and  gel  down  to  cases,  con- 
sidering for  the  nK)ment  pneumonia. 

There  are  two  types  of  pneumonia  that  give  us  trouble,  lobar  and  lol)ular. 
iThe  latter,  especially  under  camp  conditions,  is  a  bronchopneumonia.      In  ('amp 
preene  during  November  and  December  tbi-re  were  liul  >e\en  cases  ol'  broncho- 
pneumonia on  register  cards,  all  of  tluin  in   December.     .\t   the  s-.wwv  time  there 
kvere  forty-one  cases  of  lobar  ])nennionia,  none  of  them  i-oniplicaud.      In  Janu 
jiry  there  was  but  one  register  card  with  the  diagnosis  bronchopm'unionia  on  it. 
I  here   were,   however,   several    cases   of   enip\i'm;i,    supi)urali\e   bronrhilis   with 
'mpyema,  and  suppurative  bronchitis  with  bronchopneinnonia,  all  of  which  were 
>robably  originally  cases  of  bronchopneinnonia  with  coni]>lit-alion^  which  niaske(l 
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the  primary  condition.  In  January  there  were  register  cards  for  156  cases  of 
lobar  pneumonia,  eight  of  them  compHcated.  One  of  the  complicated  cases  is 
of  unusual  interest  because  in  it  the  pneumonia  was  associated  with  an  acute 
general  peritonitis  not  of  intestinal  origin.  The  combination  suggests  a  primary 
pneumococcus  septicemia  with  secondary  attack  upon  the  lungs  and  peritoneum. 

If  we  study  the  records  for  complicating  pneumonias  we  find  an  opposite 
state  of  affairs,  in  that  here  the  bronchopneumonias  predominate  over  the  lobar. 
For  instance,  take  measles.  In  November  there  were  no  puhnonary  complica- 
tions. In  December  there  was  twenty-one,  one  a  bronchopneumonia.  In  Janu- 
ary, measles  was  complicated  in  55  cases,  in  13  of  which  there  was  a  broncho- 
pneumonia. 

These  complicating  pneumonias  are  most  commonly  due  to  streptococci 
and  are  the  ones  which  are  most  apt  to  be  associated  with  empyema.  Personally 
I  feel  that  when  empyema  appears  in  measles,  there  is  a  pneumonic  process  un- 
derneath the  pleura — that  a  bronchopneumonia  has  preceded  the  appearance  of 
pus  in  the  pleural  cavity.  The  data  would  be  interpreted  to  mean  that  of  fifty- 
five  cases  of  complicated  measles  a  streptococcic  bronchopneumonia  appeared 
in  twenty.  It  may  also  be  that  some  of  the  cases  diagnosed  lobar  pneumonia 
were  in  reality  bronchopneumonias.  This  is  quite  possible  because  in  not  a  few 
cases  the  lobular  consolidation  is  so  diffuse  that  the  physical  findings  approximate 
those  of  lobar  pneumonia. 

Irons  and  Marine  (Jour.  Am.  Med.  Assn.,  1918,  Ixx,  687)  call  attention  to 
the  fact  that  the  physical  findings  were  misleading  until  an  exploratory  needle 
showed  that  the  dullness,  thought  to  be  due  to  lobar  consolidation  in  some  of 
their  cases,  was  really  due  to  the  presence  of  an  exudate  in  which  streptococci 
were  found.  Also  I  know  from  observation  at  the  Base  Hospital  and  from 
Captain  Placak  that  some,  at  least,  of  the  cases  diagnosed  lobar  pneumonia 
were  found  at  autopsy  to  be  massive,  or  better,  diffuse,  lobular  pneumonias. 
These  are  sometimes  called  pseudolobar  pneumonias. 

iNow  because  these  lobular  pneumonias  are  complications  or  sequels  of  other 
diseases,  and  since  it  is  only  the  lobar  type  that  occurs  in  epidemics,  it  is  the  lobar 
type  about  which  a  large  amount  of  work  has  centered.  When  we  speak  of  the 
pneumonia  problem  in  a  community  me  mean  lobar  pneumonia. 

For  many  years  a  group  of  men,  particularly  in  the  Rockefeller  Institute, 
have  devoted  themselves  largely  to  a  study  of  pneumonia.  From  their  researches 
a  valuable  mass  of  facts  has  accumulated,  most  of  which  in  condensed  form  is 
available  in  Monograph  7  of  the  Institute.  Among  other  things  these  workers 
have  done,  has  been  to  show,  by  means  of  immunity  reactions  that  there  are 
four  main  types  of  pneumococci  which  they  call  Type  I,  Type  II,  Type  III  and 
Type  IV.  By  bacteriologic  studies  of  large  num.bers  of  cases  of  pneumonia 
they  have  shown  that, — 

Type  I     is  present  in  ZZ%     of  the   cases 

Type  IT    "  "  "  33.5%  "  " 

Type  III "  "  "  13%      "  " 

and  Type  IV  "  "  "  20%      "  " 

They  also  have  shown  that  Types  I  and  II  are  responsible  for  the  most 
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malignant  forms  of  pneumonia  and  also  that  they  are  the  least  common  inhabi- 
tants of  the  mouths  of  healthy  persons.     For  instance, — 

Type  I    occurred  in    0.8%  of  healthv  mouths 
Type  II         "  "  18.27o    "        '•    "       " 

Type  III       "  "  28%       " 

Type  IV       "  "  52.97o    " 

In  other  words,  Types  I  and  II  which  account  for  over  66  per  cent  of  the 
cases  of  pneumonia  are  present  in  but  19  per  cent  of  healthy  mouths,  while 
Types  III  and  IV  which  cause  about  33  per  cent  of  the  cases  of  pneumonia  are 
found  in  81  per  cent  of  healthy  mouths.  These  data  were  derived  from  bac- 
teriologic  examination  of  297  mouths  of  healthy  persons,  116  of  which  were 
infected  with  one  or  another  type  of  pneumococci. 

If  one  is  willing  to  accept  these  figures,  then  the  logical  thing  to  do  in  wag- 
ing war  on  pneumonia  is  to  guard  against  the  carriers  of  Types  I  and  II,  by 
discovermg  them  bacteriologically  and  isolating  them  until  they  are  free.  Also 
since  these  types  are  very  commonly  found  in  the  environment  of  patients  suf- 
fering with  pneumonia  of  a  severe  character,  these  patients  should  be  treated 
just  as  they  would  be  were  they  sufifering  from  any  other  sort  of  infectious  dis- 
ease, i.  e.,  by  isolation  and  by  antiseptic  methods  applied  to  the  patients  and 
to  the  objects  in  their  immediate  environment. 

Now  very  obviously  such  a  method  of   dealing  with  pneumonia,  while  it 

can  readily  be  applied  to  patients  in  hospitals  and  to  small  groups  of  persons, 

can  not  so  readily  be  applied  to  large  bodies  such  as  we  find  in  our  camps  and 

cantonments.     Nevertheless  something  like  it  has  been  done  in  England,  where, 

according  to  Evans   (New  York  Med.  Jour.,  Feb.  2,  1918,  p.  220)  they  make 

a  bacteriologic  examination  of  all  recruits,  of  all  patients,  and  of  all  contacts ; 

isolate  all  those  found  infected,  and  sterilize  all  infected  mouths.     In  following 

such  a  plan  there  are  chances  of  error  of  course.     Cases  in  which  infection  is 

localized  in  the  nasal  passages  where  the  swabs  can  not  be  introduced  will  be 

nissed.    And  then  also,  if  the  statistics  of  the  Rockefeller  Institute  are  correct, 

omething  like  116  men  out  of  297  would  have  to  be  isolated  during  disinfection 

tor  pneumococci  alone.     Hov.-  many  more  would  have  to  be  treated  in  the  same 

■vay  for  meningococci  we  can  not  say.     Or  if  we  should  only  attempt  to  dis- 

nfect  carriers  of  only  Types  I  and  II,  then  two-thirds  of  the  116  cases  would 

)e  concerned.     This  limitation  to  these  two  groups  would  however  not  be  safe 

or  Miller  at  Camp  Dodge,  (Jour.  Am.  Med  Assn.,  February  23,  1918,  p.  564) 

lad  not  a  single  death  from  patients  infected  with  Type  I,  and  the  majority  of 

lis  cases  harbored  Types  II  and  IV.    And  there  you  are!    If  you  try  to  collect 

he  various  experiences  reported  from  the  different  camps,  you  apparently  have 

0  conclude  to  isolate  and  disinfect  all  carriers  of  pneumococci  if  \du   wish  to 

lay  safe.     Personally  I  believe,  in  the  exigencies  of  tlu-  geiu'ral  situation  that 

were  better  to  treat  all  recruits  in  the  same  simple  way.     I^y  lliat  means  we 

"uld  learn  less  about  pneumococci   types,  but  the  im])orlant    thing   to   do.   as 

aughrin  lias  said  is  to  i)rcvcnt  pneumonia.     A\'e  are  running  an  army,  and  not 

,  research  institute,  and  what  research  we  do  is  a  side  issue  for  the  time  being. 

j  should  send  all  recruits  to  a  camp  where  for  a  certain  i)eriod  they  would  start 
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their  training,  and  during  that  time  I  should  attempt  to  disinfect  as  thoroughly 
as  possible  the  upper  respiratory  passages  without  regard  to  the  types  of  bacteria 
in  them.  Such  a  method  is  in  use  in  our  Casual  Camp  No.  1,  and  it  seems  to 
be  effective.  The  results  of  the  practice  are  not  clear,  however,  because  the 
general  conditions  are  good.  The  reports  seem  to  show  that  there  is  less  pneu- 
monia in  the  Casual  Camp  than  in  the  whole  camp.  Also  measles  and  mumps 
which  in  the  Casual  Camp  appeared  in  contacts  from  other  camps,  seem  to  be 
declining  more  rapidly  than  in  the  rest  of  Camp  Greene.  All  this  may  be  an 
artefact,  but  it  is  suggestive,  and  points  to  the  tentative  conclusion  that  in  at- 
tacking the  pneumococci  and  meningococci  in  the  nasal  passages  all  the  infec- 
tions of  the  upper  respiratory  tract  are  diminished. 

The  mere  presence  of  pneumococci  in  a  nose  or  throat  is  of  course  not 
the  whole  story.  There  are  many  persons  who  harbor  them  for  long  periods  of 
time  without  discomfort.  Invasion  and  pneumonia  depend  upon  the  relative 
resistance  of  host  and  parasite.  Factors  which  produce  such  decreases  of  re- 
sistance are  fatigue  due  to  whatever  cause,  chilling,  and  the  like.  Also  a  person 
may  be  relatively  immune  to  his  own  nasal  menagerie  and  not  to  that  of  another 
person.  He  may  harbor  one  type  and  acquire  a  second,  and  the  two  together, 
or  the  second  alone,  ma}'  produce  disease.  Such  secondary  infections  (co- 
operating infections)  may  be  frequent  in  pneumonia.  When  a  primary  pneu- 
mococcus  infection  is  complicated  by  a  streptococcus  infection,  the  results  are 
yet  more  severe.  Under  such  conditions  it  were  best  to  attempt  in  prophylaxis 
to  limit  the  number  of  types  of  organisms,  and  so  prevent  mixed  infections. 
Every  man  should  live  only  with  his  own  flora.  (That  holds  in  many  social 
directions.) 

The  pneumonia  problem  of   the   camps  has  not  been   one  concerned   only 
with  pneumococci,  for  if  we  take  the  reports  of  Cecil  and  Sackett   (Jour.  Am 
Med.  Assn.,   1918,  Ixx,  72S),  and  of  Irons  and  Marine,  we  are  led  to  believej 
that  the  streptococci  must  have  played  an  exceedingly  important  role,  not  only 
in  the  group  of  primary  pneumonias,  but  also  in  the  measles-pneumonia,  and 
pneumonia-empyema  groups.     For  instance,  in  Cecil's  series  of  pneumonias  67.7J 
per  cent  were  due  to  pneumococci,  24.7  per  cent  to  streptococci,  2.2  per  cent  t 
B.  influenza  and  5.4  per  cent  to  the  M.  catarrhalis.     Of  the  streptococcus  cases 
24  ]ier  cent  were  of  the  hemolytic  t}'pe.     The  mortality  in  streptococcus  case 
was  over  30  per  cent.     The  general  mortality  for  pneumonia  was  15  per  cent 
Empyema  occurred  in  12.9  per  cent  of  the  pneumococcus  cases ;  in  24.9  per  cen' 
of  the  streptococcus  cases. 

Hackett,  speaking  of  measles  in  Camp  Upton,  says  that  this  disease  wa 
complicated  by  pneumonia  in  35  per  cent  of  the  cases,  and  that  streptococc 
were  responsible  for  17.6  per  cent  of  the  complications.  At  Camp  Custer,  ac 
cording  to  Irons  and  Marine,  many  of  the  pneumonias  >vcre  of  streptococci 
origin,  therefore  frequently  lobular  in  type,  and  frequently  complicated  by  em 
pyema.  They  examined  sputa  for  pneumococci  and  found  none  which  aggluti 
nated  with  sera  of  Types  I.  II,  or  III.  During  the  period  of  acute  respirator 
infections,  large  numbers  of  throat  cultures  were  made  and  70  per  cent  of  th 
men   examined   showed  hemolytic   streptococci,  which  showed  a  wide  distribu 
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tion  of  these  organisms  even  in  apparently  healthy  soldiers.     Irons  and  Marine 
1    say  that  their  "experience  with  these  streptococcal  infections  suggests  that  while 


Nov. 

Dec. 

Jan. 

Bronchitis,   acute  catarrhal 

41 

231 

132 

Bronchitis,  acute  suppurative 

1 

6 

6 

Bronchitis,  ac.  supp.  with  pneumothorax 

1 

"            "       "           "     lobar   pneumonia 

1 

"            "       "           "     empyema  and  pericarditis 

1 

"             "       "           "     bronchopneumonia 

1 

Bronchitis,  chronic  catarrhal 

3 

Broncho])neumonia 

7 

1 

Lobar  pneumonia 

7 

34 

148 

"            "             with  empyema 

4 

"            "                "     otitis  media 

2 

"            "                "     ac.  general   peritonitis 

1 

"            "                "     ac.  meningitis 

1 

Empyema 

3 

"            with  pericarditis 

1 

Laryngitis,  acute 

4 

92 

32 

Pharyngitis,  acute 

8 

21 

15 

Influenza 

9 

197 

171 

Tonsillitis 

71 

139 

152 

Peritonsillar  abscess 

1 

4 

10 

Vincent's  angina 

1 

1 

3 

Rhinitis,  acute 

4 

7 

8 

Otitis  media 

1 

13 

23 

Sinusitis,  ethmoiditis,  mastoiditis 

2 

5 

13 

Totals 

150 

847 

660 

Measles,  uncomplicated 

82 

293 

450 

Measles,  complicated  by — 

Acute  bronchitis  or  rhinitis 

2 

Influenza 

1 

1 

1 

Bronchitis,   ac.   suppurative 

1 

2 

6 

"             and  bronchopneumonia 

0 

1 

3 

empyema 

0 

1 

5 

"               "      empyema  and   influenza 

0 

2 

0 

Brop.ciiopneumonia 

0 

0 

3 

FZmpyema  and  bronchopneumonia 

0 

0 

7 

Pyopneumothorax 

0 

0 

1 

Lobar  pneumonia 

0 

0 

2 

Otitis  media 

0 

0 

10 

Tonsillitis 

0 

0 

12 

Sinusitis,  mastoiditis,  ethmoiditis 

0 

0 

2 

Empyema,  supp.  bronchitis,  otitis  media 

0 

0 

1 

Pleuritis,  acute  fibrinous 

0 

0 

1 

Pulmonary  tuberculosis,  purulent  pericarditis 

0 

0 

1 

Totals 

85 

314 

505 

I'leurilis,  acute 
jKheumatism.  acute 

4 
8 

11 
20 

21 
20 

i                                     Totals 

12 

31 

41 

mcnsles  is  an  im])ortant  jircdisposing  faclor,  oihcr  infections,  as  bronchitis,  lon- 
•'^illitis,  (liplitlicria,  and  oilier  condition^  such  ;is  exposure.  ;iud  t.'\crs>i\c  laiiguc 
niusl  he  inclucjed — in  short  anvtliing  thai  ui;i\-  reduce  resistauct'  to  infection  by 
fin  organism  (|uitc  generallv  di^liiliuti'd  (hiring  llie  epideniic  ol  coMs  and  hron- 
hitis ;  in  the  noses  and  tlu"oats  ot'  the  appaicnlK  healthy  as  well  as  the  sick." 
Tliese  data  show  disliiulh    thai    the  pro|ih\  lactic  attack   on   pnemnonia   must 
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not  be  limited  to  the  pneumococci.  At  Camp  Greene  the  records  indicate  in  a  very  | 
suspicious  manner  that  the  pneumococci  were  not  all-important  or  even  exceed- 
ingly important.  By  going  over  the  register  cards  at  the  Base  Hospital  I  have 
been  able  to  collect  the  following  data  which  are  of  some  considerable  interest, 
with  respect  to  the  probable  types  of  infection  in  the  respiratory  disease.  The 
months  of  November,  December,  and  January  only  are  given,  because  in  the 
first  place  I  was  interested  in  collecting  data  from  the  early  part  of  the  period 
during  which  the  respiratory  diseases  rose,  and  comparing  it  with  the  later 
periods,  and  secondly  because  the  later  files  are  not  complete.  Even  as  it  is,  there 
are  numerous  instances  in  which  the  cards  for  December  and  January  are  not 
completed.  The  figures  are  therefore  not  exact,  though  they  are  nearly  enough 
so  to  indicate  the  trend  of  events. 

These  figures  boiled  down  show  that  the  acute  infections  of  the  respiratory 
tract  were  fewer  in  number  in  January  than  in  December,  except  in  the  cases 
of  pneumonia,  and  tonsillitis.  Measles  increased  by  about  62  per  cent  in  Janu- 
ary (over  December),  and  was  complicated  in  10  per  cent  as  against  about  6  per 
cent  in  December.  In  November  there  were  no  cases  of  measles  complicated  by 
empyema.  In  December  there  were  six.  In  January  there  were  fourteen.  In 
November  three  cases  of  measles  developed  complications,  none  of  them  severe. 
In  December,  twenty-one  cases  were  severely  complicated.  In  January,  there 
were  fifty-five  complicated  cases.  In  January,  the  number  of  pneumonia  cases 
showed  a  marked  increase  both  in  uncomplicated  and  complicated  cases.  Also 
in  January  the  number  of  primary  empyema  cases  and  of  acute  pleuritis  rose. : 

These  data  taken  together  seem  to  indicate  that  in  November  and  Decem- 
ber, the  respiratory  infections  were  preeminently  confined  to  the  upper  tract,  I 
and  that  later,  in  J^iiwary,  they  had  extended  to  the  lower  passages.  There  can 
be  no  doubt  in  the  mind  of  the  observer  that  the  bronchitides  became  chronic, 
though  the  hospital  records  do  not  show  it.  From  this  the  suggestion  arises 
that  the  lower  respiratory  tracts  of  manv  of  the  men  had  lost  their  normal 
powers  of  resistance,  and  that  a  new  acute  infection, — such,  for  instance,  that! 
of  measles  or  lobar  pneumonia, — produced  not  only  its  proper  effects,  but  also] 
gave  opportunity  for  an  acute  attack  by  the  agent  causing  the  chronic  one. 

It   seems,   therefore,    from   a   study   covering   three   months   of   respiratory] 
disease,  that  the  time  at  which  to  begin  the  prophylactic  attack  upon  the  com- 
plications of  measles  is  prior  to  the  time  when  respiratory  infections  have  be- 
come chronic.  ; 

MENINGITIS 

Pneumonia  is  the  real  menace  of  camps.  Meningitis  however  is  apt  to  in- 
spire more  fear,  and  when  it  becomes  actually  epidemic  there  is  justification 
for  this.  When,  however,  it  appears  only  sporadically,  as  it  has  in  Camp  Greene 
during  the  past  winter,  it  is  relatively  a  minor  affair,  especially  when  one  com- 
pares it  with  pneumonia  and  measles,  the  latter  with  its  complications.  Mink 
(Jour.  Am.  Med.  Assn.,  Feb.  23,  1918,  p.  563)  says,  "Were  it  not  for  the  fact 
that  meningitis  has  always  been  held  to  be  a  serious  disease,  it  would  probably 
not  inspire  so  great  consideration."  So  long  as  such  a  belief  does  not  inter- 
fere with  our  efforts  to  maintain  the  disease  as  a  sporadic  one  it  may  be  justi- 
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fied,  but  if  it  tends  in  the  direction  of  neglecting  measures  for  prevention,  then 
certainly  it  is  pernicious.  It  must  be  kept  continually  before  our  eyes  that  as  a 
rule,  the  mortality  from  meningitis  is  much  higher  than  from  pneumonia,  espe- 
cially in  untreated  cases,  and  that  even  in  treated  cases  it  is  somewhat  higher. 
In  a  series  of  712  cases  noted  by  Flexner,  the  mortality  was  31.4  per  cent,  just 
about  what  it  has  been  in  our  series  in  this  camp.  In  untreated  cases  the  death 
rate  may  be  as  high  as  85  per  cent.  In  Dopter's  series  of  treated  cases  the 
mortality  w'as  something  over  16  per  cent.* 

From  the  standpoint  of  the  carrier,  meningitis  is  simpler  than  pneumonia, 
one  reason  being  that  there  are  fewer  persons  who  harbor  the  organism.    Another 
reason  is  that  chronic  carriers  are  less  common  than  in  either  pneumonia  or 
I  typhoid.     The  meningococcus  seems  to  show^  a  more  marked  tendency  to  dis- 
•  appear  spontaneously.    Also,  different  from  typhoid  and  dysentery,  the  meningo- 
cocci are  not  carried,  so  far  as  we  know,  by  the  hands,  or  clothing,  or  by  flies 
j  or  other  insects.     They  are  present  only  in  the  secretions  of  the  upper  respira- 
!  tor)'  passages,  and  not  in  the  urine  or  feces.     There  is  no  good  evidence  that 
1  they  can  live  outside  the  body  for  any  considerable  period  of  time. 
!         One  wonders  just  how  many  carriers  there  really  are.     In  certain  small 
groups  of  persons  there  n^ay  be  as  many  as  70  per  cent.     On  the  other  hand, 
in  large  bodies  of   men,  there  may  be  none.     The  figure  obtained  from  4446 
examinations  in  Camp  Greene  was  approximately  0.4  per  cent.    The  technic  used 
by  the  officers  who  made  these  examinations  was  technically  perfect  and  above 
suspicion.     Medlar   (Jour.  Am.  Med.  Assn.,  Feb.   16,   1918,  p.  458)   has  shown 
.that  the  number  of  carriers  vary  in  different  months.    In  November  and  Decem- 
ber, 1917,  for  instance,  he  found    from  3  to  6  per  cent.     In  January,  1918,  the 
jnumber  increased  to  from  12  to  20  per  cent,  in  3,000  cultures.    What  makes  the 
difference?     Is  it  methods  of  laboratory  diagnosis?     One  is  inclined  to  believe 
this  in  some  cases.     It  is,  however,  more  reasonable  to  believe  that  it  is  due 
:o  the  closer  physical   association   which   comes   with  bad   climatic   conditions, 
ind  the  coincidental   bad  housing  conditions.     With  men  huddled   together  in 
heir  tents,  or  in  badly  ventilated  barracks,  every  chance  is  given  for  transfer 
)f  bacteria  from  one  to  another. 

And  yet  Mink's  statements  are  very  disturbing  to  such  a  simple  concep- 
jion.  For  instance,  he  says  that  no  cases  of  meningitis  appear  among  the  groups 
'I  "incoming  recruits,"'  notwithstanding  the  fact  that  these  men  were  housed 
/jgether,  separated  from  the  rest  of  the  camp,  for  from  twenty-one  to  thirty 
lays,  and  despite  the  fact  that  there  were  large  numbers  of  carriers  among  them, — 
ometimes  as  many  as  25  per  cent  (by  culture).  Accordingly  Mink  believes 
liat  it  is  not  the  barracks  life  per  sc,  nor  the  presence  of  carriers  per  sc  that 
ives  the  essential  ccmditions  for  the  appearance  of  the  disease.  He  calls  at- 
intion  to  the  fact  that  after  the  ])criod  of  dctcntiim  the  recruits  were  sent  to 
uty  and  thereafter  they  enjoyed  all  the  usual  Hlicrties,  such  as  visiting  the 
M.  C.  A.'s  and  other  places  of  entertainment.  It  was  after  this  that  the  dis- 
ise  a])[)eared,  ])ut  e\cn  tlicn  ihc  incidences  of  tlic  disease  and  of  the  carriers 
id  not  correspond.     ]n  some  barracks  in   which  there  were  25-30  per  cent  of 

'Kosciiow    has    lecontly    rcprirti-d     (Jour.    Am.    Mc<l.     A.-isn..     I'HS.    1\\.    7^'>)    .t    scries    cif    |iiKMiin(iiii,i,s 
"ated  with  his  vaccine.     Among  these  cases  the  death   rate  was  but  7   per  cent. 
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carriers  there  was  no  meningitis ;  in  others,  with  8-9  per  cent,  the  disease  showed 
itself.  Yet,  in  the  whole  series  of  cases  in  the  command,  the  incidence  of  dis- 
ease was  higher  in  the  carrier  group  than  in  those  who  were  not  carriers, — 
a  state  of  affairs  completely  at  variance  with  the  rule.  Small  wonder  that  Mink 
is  not  impressed  by  the  attempts  to  control  meningitis  by  the  methods  based 
upon  carriers  !  As  a  matter  of  fact  the  mere  isolation  of  carriers  seems  to  ha\  e 
had  little  to  do  with  the  control  of  meningitis  in  Camp  Greene.  So  long  as  the 
effort  was  made  only  to  discover  and  isolate  carriers,  without  at  the  same  time 
doing  anvthing  else,  the  disease  kept  reappearing.  But  in  those  organization-^ 
in  which  attention  was  paid  as  much  to  cleansing  the  nasopharynx,  as  to  isolation 
of  contacts  and  carriers,  the  disease  disappeared.  The  facts  may  be  the  result- 
of  coincidence,  but  they  are  exceedingly  suggestive.  So  suggestive  is  it  to  nu 
that  I  am  almost  willing  to  say  that  the  conditions  could  have  been  met  ami 
controlled  just  as  successfully  if  the  immediate  contacts  had  been  isolated  in 
their  own  squad  tents  until  they  were  cultured,  and  then  if  they  were  negatix  e. 
allowed  to  drill  and  take  part  in  all  the  routine  duties  of  their  organizations.  Al 
the  same  time  the  use  of  disinfecting  sprays  should  have  been  used  on  all  mem- 
bers of  the  company  in  which  the  meningitis  appeared.  I  feel  that  the  carrier 
is  a  source  oi  considerable  danger  only  when  the  men  of  an  organization  are  low 
in  resistance,  brought  about  bv  fatigue,  the  result  of  overexertion  or  exposure. 
The  men  must  suffer  frequently  from  fatigue.  Therefore  the  problem  seem> 
lo  center  itself  upon  disinfection  of  the  nasopharynx — the  dwelling  ])lace  of 
the  meningococcus. 

It  is  a  fact  that  up  to  the  present  time  the  local  causes  of  epidemics  o' 
meningitis  have  been  sought  in  vain.  A\'ater,  milk,  food,  all  ha\'e  been  exclude*! 
from  consideration.  Moreover,  as  Frost  says,  the  disease  "does  not  present 
epidemiologic  characteristics  which  we  are  accustomed  to  associate  with  a  con- 
tagious disease.  Even  in  carefully  studied  epidemics  it  is  the  exception  rather 
than  the  rule  to  find  any  direct  or  even  traceable  indirect  contact  between  suc- 
cessive cases."  In  Camp  Greene  there  has  been  but  a  single  case  in  which  sus- 
picion of  contact  could  be  discovered.  Also,  "it  is  unusual  to  find  more  than 
one  case  of  the  disease  in  a  family,  and  wdien  multiple  cases  do  occur  in  the  same 
house,  they  often  occur  so  close  together,  or  separated  by  such  a  long  interval 
as  to  make  it  seem  unlikely  that  one  was  infected  from  the  other."  In  tht 
Camp  Greene  series  of  cases  the  same  statement  can  be  applied  to  perfection,  b 
a  single  instance  more  than  one  member  of  a  company  was  attacked  by  menin 
gitis,  and  in  no  case  did  more  than  one  case  appear  in  the  same  tent.  Thes( 
facts  render  it  \irtually  certain  that  "direct  contact  with  the  sick  is  neither  ; 
necessary,  nor  even  a  very  common  factor,  in  contracting  the  infection." 

The  experience  of  Alink  in  regard  to  the  progress  of  his  epidemic  of  men 
jngitis  is  strikingly  similar  to  ours  in  Camp  Greene.  Mink  says  that  the  firs 
thing  in  the  sequence  was  an  outbreak  of  coughs  and  colds  so  extensive  tha 
almost  whole  regiments  were  crippled  with  bronchitis,  coryza  and  influenza 
Kour  days  later,  the  first  case  of  meningitis  appeared.  So  long  as  these  res])ira 
tory  difficulties  persisted,  meningitis  did  also,  and  finally  when  bronchitis  an' 
influenza  subsided,  so  also  did  meningitis.  I  have  not  been  able  to  get  concis 
<lata  on  conditions   as   thev   existed   in    November   during   which   two   cases  o 
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meningitis  appeared,  but  the  conditions  since  that  time  appear  to  simulate  those 
of  Mink.  The  chart  shows  graphically  the  number  of  cases  of  menin- 
gitis, pneumonia,  and  measles,  by  days,  during  December,  1917,  and  January, 
February  and  March,  1918,  and  demonstrates  very  clearly,  it  seems  to  me,  the 
heaping  up  of  these  diseases  during  January,  a  month  in  which  living  conditions 
were  at  their  worst.  It  was  these  months  also  in  which  the  complications  of 
measles  and  pneumonia  were  so  frequent.  (See  table.)  In  this  connection 
Frost  says,  (Public  Health  Reports,  No.  26,  1913)  "the  seasonal  prevalence  (of 
meningitis)  is  strikingly  similar  to  that  of  pneumonia  and  influenza,  and  not 
unlike  that  of  a  number  of  other  diseases,  (scarlet  fever,  measles,  diphtheria 
and  smallpox)  in  which  the  primary  scat  of  infection  is  believed  to  be  the  respira- 
tory tract."  If  this  be  true  that  the  incidence  of  meningitis  and  that  of  the 
commoner  respiratory  diseases  are  parallel ;  if,  in  fact,  the  appearance  of  men- 
ingitis follows  the  rise  in  acute  respiratory  diseases,  then  one  may  quite  reason- 
ably draw'  the  inference  that  there  is  some  definite  connection  between  the  two. 
Medlar  believes  that  meningitis  is  primarily  a  nasopharyngitis.  One  interpreta- 
tion of  that  is  that  a  nasopharyngitis  of  nonspecific  character  offers  the  oppor- 
tunity for  penetration  of  the  mucous  membranes  by  meningococci.  It  is  a  well- 
known  fact  of  general  pathologic  interest  that  an  inflamed  mucous  membrane 
offers  special  inducements  to  bacteria  to  pass  through  it.  One  reason  for  this 
is  that  there  are  increased  numbers  of  phagocytes  present  upon  inflamed  sur- 
faces, and  these  engulf  microorganisms  and  carry  them  inward.  Another  rea- 
son is  that  the  mucous  membranes  are  colloidal  structures  which  when  swollen 
are  more  dilute  and  have  less  than  a  normal  viscosity.  Under  such  circum- 
stances any  particle  may  pass  through  them  more  readily  than  while  they  retain 
their  normal  water  content. 

It  deserves  mention  that  it  seems  probable  that  epidemic  meningitis  is  not 
primarily  an  inflammation  of  the  meninges,  but  is  a  septicemia  in  which  the 
bacteria  tend  to  become  localized  in  the  membranes  of  the  brain  and  cord.  This 
conception  has  been  emphasized  by  Herrick  in  his  remarks  on  meningitis  at 
Camp  Jackson  (Jour.  Am.  Med.  Assn.,  Jan.  26,  1918,  p.  229).  This  is  what 
might  be  expected  from  the  clinical  picture,  especially  in  the  fulminating  cases, 
and  from  a  consideration  of  the  course  the  cocci  would  have  to  take  to  reach 
the  meninges.  That  the  bacteria  must  frequently  be  present  in  large  numbers, 
and  at  a  very  early  stage,  in  the  blood  is  tested  by  the  very  early  appearance 
of  the  petechial  eruption  from  which  the  term  spotted  fever  comes. 

In  conclusion,  all  that  seems  possible  to  say  with  regard  to  pneumonia  and 
meningitis  prophylaxis,  is  that  both  are  due  to  invasion  of  bacteria  which  are 
inhabitants  of  the  upper  respiratoty  tract,  that  the  conditions  under  which  they 
become  more  or  less  widespread  or  epidemic  are  not  understood,  and  that  the 
only  method  for  preventing  their  spread  is  to  apply  antiseptic  methods  to  the 
mouth  and  nasopharynx.  It  seems  obvious  that  the  application  of  such  methods 
should  be  put  into  practice  in  advance  of  the  season  of  the  year  during  which 
the  incidence  of  respiratory  diseases  rises. 
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ON  THE  RELATION  OF  PEPTONE  TO  BIOLOGICAL  REACTIONS  = 


By  \\'altkr  a.  Jamieson,  Indianapolis,  Ind. 


WITH  the  outbreak  of  the  war  and  the  consequent  curtailment  of  the  sup- 
ply of  Witte's  peptone,  the  question  of  the  production  of  potent  diphthe- 
ria toxin  became  acute.  American  peptones  already  on  the  market,  while  satis- 
factory for  the  production  of  tetanus  toxin  and  allowing  a  profuse  growth  of  B. 
diphtherise,  did  not  give  a  satisfactory'  toxin  production.  Other  American 
peptones  were  soon  available  which  gave  a  diphtheria  toxin  of  low  potency. 

Of  the  most  of  the  American  peptones  one  lot  might  give  a  toxin  of  400  to 
600  M.L.D.  per  mil,  while  the  next  lot  might  give  no  toxin  at  all.  Within  the 
last  year  and  a  half  one  of  these  peptones,  however,  has  given  fairly  constant 
results. 

A  peptone  was  made  up  as  nearly  as  possible  of  the  same  composition  as 
Witte's  peptone,  with  some-  variation,  however,  which  there  was  reason  to  be- 
lieve would  make  it  a  better  peptone  than  Witte's.  Toxin  was  produced  with 
this  peptone,  using  as  comparison  Witte's  peptone  and  American  brands.  In  all 
cases  the  new  peptone  gave  the  most  potent  toxin,  and  Wltte  the  next  highest. 
Inasmuch  as  consistent  results  were  secured  with  but  one  of  the  American  pep- 
tones, this  was  used  for  comparison  with  ^^'itte's  peptone  and  the  special  pep- 
tone studied. 

The  toxin  produced  with  the  special   peptone  has  tested  as  high   as   lOOOl 
M.L.D.  per  mil;  it  consistently  tests  500  to  600  M.L.D.  per  mil.     The  Witte 
peptone  has  tested  about  500  M.L.D.  per  mil,  while  the  American  brand  has  made| 
toxin  fluctuating  between  100  and  300  M.L.D.  per  mil. 

Experiments  were  made  to  determine  whether  the  peptone  employed  in  the! 
toxin  production  had  a  detrimental  eft'ect  when  injected  into  animals;  or  whether 
the  peptone  was  such  that  the  growth  of  the  diphtheria  organism  would  producej 
by-products  which  were  injurious  when  injected  into  animals. 

Two  series  of  guinea  pigs  were  injected,  one  with  broth  before  inoculating 
it  with  B.  diphtherise  for  the  production  of  toxin,  another  with  toxin  neutralizec 
with  an  excess  of  antitoxin,  vising  in  each  case  lots  prepared  with  Witte's  pep-j 
tone,   the   American  brand,   and  the    special   peptone.      Two   guinea   pigs   were 
inoculated  in  each  series  with  the  material  from  the  three  peptones. 

Table  I  shows  the  results  of  the  injections  of  the  peptone  broth  and  Table  H 
shows  the  results  of  the  toxin-antitoxin  experiment. 

In  Table  I  it  will  be  noticed  that  the  pigs  injected  with  Witte's  peptone 
showed  no  early  ill  effects  but  that  during  the  period  of  the  fifth  to  the  seventh 
injections  both  suiYered  a  drop  in  weight.  With  the  American  peptone  one  ol 
the  pigs  lost  weight  steadily,  finally  became  paralyzed  and  died;  the  mate  firsj 
steadily  lost  in  weight  then  gradually  gained  a  little,  and  remained  constant.    Th^ 

"From    the    Biological    Laboratories   of   F,li    Lilly   and    Company,    Indianapolis,    Ind. 
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Table  I* 


WITTE'S  PEPTONE 

AMERICAN  PEPTONE 

EXPERIMENTAL  PEPTONE 

DATE 

INJECTION 

WT.  PIG 

WT.  PIG 

WT.  PIG     WT.  PIG 

WT.  PIG 

WT.  PIG 

268 

205 

206        202 

263 

264 

11-17 

0.01  c.c. 

250 

280 

250      215 

295 

280 

11-19 

0.02  " 

235 

265 

235      195 

285 

260 

20 

245 

275 

240     210 

315 

280 

21 

0.04  " 

245 

270 

225      200 

300 

275 

22 

245 

275 

225      195 

295 

280 

23 

0.08  " 

240 

260 

220      190 

285 

270 

24 

230 

260 

215     200 

280 

260 

26 

0.16  " 

210 

250 

205      180 

275 

275 

27 

225 

255 

205      180 

260 

265 

28 

0.32  " 

215 

245 

195      165 

260 

260 

30 

0.64  " 

210 

235 

175      170 

250 

260 

12-1 

200 

235 

185      170 

255 

260 

3 

1.28  " 

240 

255 

185      180 

300 

275 

4 

235 

260 

175pai-al.  180 

290 

275 

6 

1.5  " 

260 

280 

Dead    200 

310 

305 

7 

255 

285 

205 

310 

300 

8 

1.5  " 

250 

260 

200 

290 

285 

10 

1.5  " 

245 

265 

180 

290 

265 

11 

265 

290 

215 

290 

275 

12 

1.5  " 

270 

285 

220 

310 

310 

13 

265 

280 

220 

335 

300 

14 

1.5  " 

270 

285 

2C0 

330 

305 

15 

275 

290 

210 

320 

300 

16 

1.5  " 

260 

285 

200 

325 

310 

17 

265 

280 

205 

320 

305 

18 

1.5  " 

260 

275 

215 

315 

315 

19 

265 

275 

210 

315 

320 

20 

1.5  " 

260 

270 

210 

310 

315 

21 

255 

270 

210 

305 

315 

'Injections  consisted  of  samples  from  broth  which  had  been  sterilized  and  was  ready  to  be  inoculated 
th  II.  diphtherias  for  the  production  of  toxin.  The  first  five  injections  were  made  up  to  a  volume  of 
.^  c.c.  by  the  addition  of  NaCl  0.85   per  cent. 


S'^'igs  on  the  special  peptone  showed  a  little  loss  of  weii^ht  from  the  Fifth  to  seventh 
ijections  and  then  rapidly  increased  in  weight. 
In  Table  II  it  will  be  seen  that  one  of  the  pigs  on  W'ilte  jicplone  steadily 
)st  weight  and  finally  died,  whereas  the  mate  ke]it  fairh-  constant  weight  through- 
ut  the  experiment.  On  the  American  i)ei)tone  one  pig  constantly  lost  weight. 
■  inally  became  paralyzed  and  died.  The  mate,  except  for  one  drop  in  weight, 
i-mained  about  constant.  I>oth  the  animals  on  the  special  ])e]itone  kept  fairh' 
'instant  weight. 

In   both    ex])eriments    the   danger   ]teriod    seemed    to    be    from    the    liflh    to 

ighth  or  ninth  injection.     The  ]iigs  on  the  special  pejitone  did  not  lose  as  much 

'iglit  and  were  more  li\ely  than  llie  oilier  i^gs.     Of  those  on   W  itte"s  peptone 

l>ne  died  in  the  second  experinicnt  and  one  lost  a  great  deal  of  weight  in  the  first 

Kpcriment.     Of  those  on  the  Anieriean  ]ieptone  one  died  in  the  first  experiment 

liile  the  other  lo^t  weight,  and  this  wa>  the  ease  also  in  the  st'Cond  e\pi'riiiient  : 

'•th   the   pigs   which   died   dexeloped   a   complete   p.'iralysis   of   the   hind   (|naiiers 

liicli  extended  to  the  whole  body. 

While   these  tests   are   too    few    in    number    In   be    e(Hulu>i\ e,    lluw    seem    to 
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Table  II* 


WITTE's  PEPTONE 

AMERICAN  PEPTONE 

EXPERIMENTAL  PEPTONE 

DATE 

INJECTION 

WT.  PIG 

WT.  PIG 

WT.  PIG 

WT.  PIG 

WT.  PIC 

WT.  PIG 

265 

262 

210 

203 

267 

270 

11-17 

0.01  c.c. 

280 

275 

280 

260 

270 

270 

19 

265 

280 

265 

245 

265 

265 

20 

0.02 

270 

290 

285 

260 

275 

280 

21 

270 

290 

290 

250 

270 

270 

22 

0.04 

260 

290 

275 

255 

270 

280 

23 

255 

280 

280 

250 

265 

265 

24 

0.08 

250 

270 

280 

245 

260 

255 

26 

0.16 

245 

270 

270 

240 

250 

250 

27 

250 

270 

270 

240 

250 

255 

28 

0.32 

240 

265 

260 

225 

250 

250 

30 

0.64 

230 

265 

250 

220 

250 

245 

12-1 

225 

250 

245 

215 

240 

245 

3 

1.28 

200 

285 

235 

250 

265 

270 

4 

Dead 

270 

230  par 

al.  245 

255 

275 

6 

1.50 

305 

not  220  in j 

270 

260 

310 

7 

305 

Dead 

270 

255 

290 

8 

1.5 

295 

260 

240 

270 

10 

1.5 

285 

245 

225 

255 

11 

320 

280 

225 

280 

12 

1.5 

315 

275 

230 

300 

13 

320 

280 

230 

300 

14 

1.5 

320 

275 

225 

305 

15 

315 

280 

230 

305 

16 

1.5 

300 

280 

235 

300 

17 

290 

285 

230 

310 

18 

1.5 

285 

270 

230 

290 

19 

290 

275 

235 

285 

20 

1.5 

285 

285 

230 

280 

21 

290 

280 

230 

275 

*Injections  consisted  of  toxin  neutralized  by  the  addition  of  an  excess  of  antitoxin.  The  material 
for  all  the  injections  was  made  up  at  the  beginning  of  the  experiment.  The  first  five  injections  were  madt 
up  to  0.5  c.c.  by  the  addition  of  NaCl  0.85  per  cent. 

indicate   that   the   toxicity  of   the   special   peptone   is   decidedly   less   than   the 
American  peptone  and  as  low  if  not  slightly  lower  than  the  Witte  peptone. 

The  relationship  of  the  L+  dose  to  the  M.L.D.  of  the  toxins  made  from  th( 
three  peptones  was  next  determined.  The  ideal  ratio  of  the  MX.D.  to  the  L 
dose  is  of  course  1 :100.  By  testing  out  the  M.L.D.  and  the  L+  dose  of  toxin 
from  the  three  peptones  the  following  ratio  of  the  M.L.D.  to  the  L+  dose  wa 
found : 

Witte's  peptone,         1 :85 

Special    peptone,         1  :110 

American    peptone,    1 :150 

One  toxin  from  the  American  peptone  gave  a  ratio  as  high  as  1 :180,  th 
M.L.D.  dose  being  0.0025,  the  L+  dose  0.4  c.c. 

It  should  be  noted  that  the  Witte's  peptone  toxins  were  six  months  old  o 
more  before  being  tested  while  the  special  and  American  peptone  toxins  wer 
fresh  when  tested.  From  these  results  it  seemed  that  the  special  pepton 
produced  a  toxin  which  was  more  nearly  ideal  than  the  American  brand. 
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OTHER   BIOLOGICAE   REACTIONS 

The  results  given  led  to  the  belief  that  other  biological  tests  were  being  con- 
fused by  the  use  of  different  peptones.     While  the  step  into  this  field  has  been 
scarcely  taken,  it  seems  advisable  at  this  time  to  report  one  or  two  instances  that 
may  lead  to  further  investigation  by  others  with  the  hope  tliat  if  varying  results 
are  being  obtained  due  to  the  use  of  different  brands  of  peptone,  some  standardi- 
i  zation  may  take  place  as  regards  peptones,  to  eliminate  if  possible  at  least  one  of 
Ithe  many  errors  to  which  most  biological  reactions  are  subject. 
I         Several  lots  of  typhoid  vaccine  were  made  up  on  mediums  made  from  an 
American  peptone  (other  than  the  American  peptone  employed  in  the  production 
(of  diphtheria  toxin).    This  vaccine  was  injected  into  rabbits  and  the  rabbits  then 
bled  and  their  blood  tested  for  agglutinin,  using  an  antigen  prepared  from  cul- 
tures grown  on  the  same  peptone.     It  was  found  that  apparently  no  agglutinins 
were  present. 

However,  using  an  antigen  prepared  from  Witte  peptone,  agglutinins  were 
found  in  the  usual  quantity  while  with  antigens  prepared  on  four  other  American 
oeptones  the  results  were  negative  except  in  the  case  of  one  American  brand 
vhich  showed  agglutinins  to  be  present  in  about  half  to  three-fourths  the  amount 
;-hown  by  Witte's  peptone.  The  results  were  obscured  in  the  case  of  cultures  on 
'wo  of  the  American  brands  by  the  fact  that  they  seemed  to  be  spontaneously 
.s^glutinable.  Using  the  special  peptone,  the  same  which  was  employed  in  the 
jiroduction  of  diphtheria  toxin,  the  results  showed  that  agglutinins  were  pres- 
int  in  approximately  the  same  quantity  as  those  obtained  with  cultures  on  Witte's 
jeptone. 

The  same  was  true  with  agglutination  tests  with  meningococcus  serum. 
he  animals  were  injected  with  cultures  grown  on  mediums  made  with  x\meri- 
iu  peptone.  The  serum  showed  a  low  agglutination  titer  when  tested  with  cul- 
jires  grown  on  American  peptone  media.  With  the  same  cultures  carried  on 
'v'itte's  peptone  and  special  peptone  the  serums  showed  a  much  higher  agglutina- 
'>n  titer. 

CONCLUSIONS 

Care  should  be  exercised  in  the  selection  of  peptone  for  the  production  of 
jphtheria  toxin  inasmuch  as  the  peptone  used  may  influence  the  i)h}sical  con- 
'tion  of  the  animal  injected  with  the  toxin. 

The  peptone  employed  in  the  production  of  dii>hthcria  toxin  intluenccs  the 
'lency  of  the  toxin  and  what  is  of  greater  importance  the  ratio  of  the  constitu- 
'-^  of  the  toxin  as  shown  by  the  ratio  of  the  M.L.D.  to  the  IJ  dose. 

The  peptone  used  in  the  production  of  antigens  emi^loyed  in  ininuniologic 
N  will  induence  the  results  of  the  tests. 


LABORATORY  METHODS 


RECOMMENDATIONS   OF  THE   COMMITTEE   ON   A  STANDARD 
ROUTINE  METHOD  FOR  THE  ISOLATION  AND  IDENTIFICA- 
TION OF  HEMOLYTIC  STREPTOCOCCI  FROM  THROATS. 
SPUTA,  AND  PATHOLOGIC  EXUDATES* 

IX  making  these  reconiniendations  the  committee  is  confronted  In'  the  nece>- 
sity  of  sacrificing  something  in  the  direction  of  thorovighness  and  detail  in 
order  to  recommend  a  method  that  will  be  simple  and  practical  for  vise  on  a  ver\ 
large  scale  under  the  conditions  obtaining  in  the  army  camps  and  cantonments. 
The  method  recommended  involves  the  isolation  of  the  hemolytic  stre])t()- 
coccus  into  bouillon  from  a  blood  agar  plate  and  the  use  of  the  bouillon  culture 
for  various  tests. 

COLI^IiCTlON   OF   PATHOLOGIC    MATERIAL 

Throat  swabs  (tonsils  and  pharynx)  are  to  be  taken  on  ordinan.'  sterile  cot- 
ton swabs  encased  in  sterile  test  tubes.  These  are  to  be  sent  promptly  to  tin 
laboratory.  Pus,  if  scant  in  amount,  may  also  be  collected  on  swabs.  Consider- 
able amounts  of  pus,  pleural  exudate,  or  sputum  should  be  collected  in  steriU 
bottles  or  tubes  (without  antiseptic  ),  taken  promptly  to  the  laboraton.-  and  then, 
kept  cold  until  cultured. 

Bl.OOD   AGAR    PLATLSf 

Inoculation. — Swabs  should  be  moistened  with  a  dro])  or  more  of  sterih 
salt  solution  unless  they  are  obviously  quite  moist.  S])utum  should  Ije  washec 
as  for  the  isolation  of  the  pneumococcus  and  a  kernel  selected  for  culturint; 
A  Gram  stain  of  the  sputum,  swab,  or  exudate  will  often  help  to  determine  th^ 
amount  of  material  that  should  be  used  for  inoculation  of  the  plate. 

It  is  preferable  to  study  both  surface  and  deep  cfjlonies  in  the  blood  aga 
plate,  hence  material  of  known  importance,  such  as  pleural  exudate,  pus,  ani 
material  from  autopsies,  should  be  suitably  diluted,  inoculated  into  fluid  blooj 
agar  (at  45-50°  C.)  and  poured  into  the  petri  dish.  A  small  bit  of  the  materii 
may  also  be  streaked  out  on  the  .same  or  a  different  plate  if  desired. 

For  routine  examination  of  swabs  in  large  numbers  surface  inoculation  on^ 
of  blood  agar  i)lates  is  sufficient.  It  is  recommended  that  only  one  swab 
inoculated  onto  each  plate.  A  convenient  method  of  inoculation  is  to  touch 
spot  near  the  edge  of  the  plate  with  the  moist  swab  and  then  with  a  platinuj 
loop  to  smear  the  material  from  this  spot  liack  and  forth  across  the  surfaj 
of  the  medium  with  a  view  to  securing  greater  dilution  at  points  farthest  frof 


*Reiiort   of  a   committee   a|ipointetl   Ijy   tlie    SurgeoivGeneraL  _  i-    •   d 

tif   streptococci    are    being    sought    for   ir.    material   in   which    they   may   be    quite    rare,   a   prehminj 
growth   in   serum   bouillon,    dextrose    blood    bouillon,    or    cooked    meat   medium   will    serve    to    encourage 
growth   of   streptococci    aliove   that   of   other    organisms.      If.    on    the    other    hand,    it   is   desired   to   know 
relative   numbers   of   streptococci   and    other    organisms   present    in   the   original   material,   it   should   be  pla^ 
directly  without  preliminary   "enrichment." 
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the  spot  touched  by  the  swab.  A  cut  into  the  agar  by  means  of  the  edge  of  the 
loop  for  a  short  distance  soon  after  it  has  left  the  inoculated  spot  will  give  some 
opportunity  for  growth  in  the  depths  of  the  agar. 

Incubation. — Blood  agar  plates  should  be  incubated  at  37°  C.  in  an  inverted 
position  for  18-24  hours  before  final  observations  are  made.  The  atmosphere 
of  the  incubator  should  be  kept  humid  by  the  exposure  of  a  large  surface  of 
water  in  shallow  pans  on  the  floor  of  the  incubator. 

Study  of  Plates. — Isolated  colonies  with  well  defined  colorless  zones  of 
hemolysis  should  be  sought.  There  should  be  no  pigmented  (greenish  or  brown- 
i>h)  corpuscles  visible  under  the  low  power  of  the  microscope  remaining  next  to 
or  under  the  colony.  The  ai^proximate  number  of  such  colonies  (expressed  as 
a  percentage)   with  respect  to  all  other  colonies  should  be  noted. 

BOUILLON    CULTURE 

Inoculation. — A  single  t}pical  isolated  hemolytic  colony  is  to  be  transferred 
to  a  tube  of  bouillon. 

Incubation.-— \ittY  incubation  overnight  or  until  there  is  a  good  amount  of 
visible  growth  the  bouillon  culture  is  to  be  used  as  follows: 

Study.— 

1.  A  Gram  stain  is  to  be  made  and  examined  to  make  sure  that  the  or- 
ganism is  a  streptococcus  and  for  a  study  of  its  morphology.     The  points  to  be 

I  noted  are  the  length  of  the  chains,  the  size,  shape,  and  arrangement  of  the  cocci 
in  the  chains,  and  any  striking  peculiarities. 

2.  A  stock  culture  is  to  be  made  if  it  is  desired  to  keep  the  strain  in  cultiva- 
tion or  if  there  is  a  possibility  of  the  strain  being  used  for  further  study  later 
than  die  next  day.  If  it  is  desired  to  save  time  in  procuring  the  stock  culture 
it  may  be  inoculated  from  the  blood  agar  plate  at  the  same  time  the  bouillon 
is  inoculated  provided  the  same  colony  is  iised,  or  it  may  be  inoculated  with  a 

H.p  of  the  bouillon  after  the  latter  has  been  inoculated.  The  latter  method 
erves  to  make  a  dilution  of  the  material  from  the  colony  so  that  isolated 
:olonies  are  obtained  on  the  slant  of  the  stock  culture. 

3.  0.5  c.c.  of  the  bouillon  culture  is  to  be  mixed  with  0.5  c.c.  of  a  5  ])er  cent 
uspension  of  washed  rabbit  blood  corpuscles   in   i)hysiol()gic   salt   solution  and 

Incubated  in  a  water-bath  at  37°  C.  for  2  hours.  Streptococci  which  lake  the 
•lood  completely  in  this  time  are  to  be  regarded  with  sus|)icion.  Markedly 
hemolytic  pathogenic  streptococci  of  human  origin  are  known  to  product-  lak- 
•ng  of  blood  under  these  conditions. 

4.  To  about  1  c.c.  of  bouillon  culture  add  one-liflh  \dlunu'  of  sterile  ox  bile. 
j)bserve  for   1   hour  at   room   or  incubator  tenii)erature.     Under  certain  condi- 
lions  ]ineumococci  on  blood  agar  nia\   cause  hemolysis.     Solubility  in  l)ile,  how- 
ler, serxes  to  distinguish   them    from   streptococci. 

The  above  procedure  is  to  be  regardeil  as  essential.  'Plie  following  addi- 
Hjnal  tests  are  advised  for  more  detailed  stud\-  of  cultures  when  lime  and  con- 
itions  permit : 

5.  The  bouillon  culture  to  be  re])lated  (after  proper  dilution)  into  fluid 
lood  agar  so  that  the  deep  colony  as  well  as  the  surface  colony  may  be  studied 
nd  as  a  check  upon  the  purity  of  the  culture. 
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6.  The  fermentation  reactions  towards  lactose,  niannite,  salicin,  inulin,  raf- 
linose  and  saccharose  should  be  determined,  the  first  three  or  four  substances 
mentioned  being  of  most  importance. 

7.  A  tube  of  milk  should  be  inoculated  and  incubated  for  7  days.  During 
this  time  it  should  be  noted  whether  coagulation  occurs  promptly,  slowly,  or  not 
at  all,  and  if  it  has  not  occurred  the  tube  should  be  immersed  in  a  boiling  water 
bath  for  10  minutes  to  see  whether  coagulation  occurs  under  these  conditions. 

8.  Inoculation  of  rabbits  intravenously  with  not  more  than  1  c.c.  of  the 
fresh  bouillon  culture  and  inoculation  of  mice  intraabdominally  with  much 
smaller  amounts. 

Notes  and  Details 

eeood  agar  plates 

Agar. — Standard  beef  infusion  agar  of  the  following  composition  shall 
be  used : 

PER  LITER  OF  MEDIUM 
Aqueous    extractives    of  500  gms.  of  meat. 

Agar-agar  20  gms. 

Peptone  10  gms. 

Salt  5  gms. 

Final  titratable  acidity  (after  sterilization)  to  be  between  neutral  and  0.: 
per  cent  normal  acid  to  phenolphthalein. 

No  dextrose  or  other  fermentable  substance  should  be  added  to  the  medium, 

Kind  of  Blood. — Sterile  defibrinated  horse,  human,  or  rabbit  blood  may  b( 
used.  The  sharpest  results  are  probably  obtained  with  horse  blood  but  mos 
hemolytic  pathogenic  streptococci  are  readily  recognized  on  any  of  the  kind: 
of  blood  mentioned. 

Mixture  of  Blood  and  Agar. — The  agar  medium  should  be  melted  an< 
cooled  to  45  to  50°  C.  at  which  temperature  5  to  10  per  cent  of  blood  is  adde( 
and  thoroughly  mixed  into  the  agar. 

Poitring  of  Plates. — A  petri  dish  9  cm.  in  diameter  should  receive  12  to  1 
c.c.  of  blood  agar,  i.  e.,  sufficient  to  make  a  layer  2  to  3  mm.  thick.  i 

Caution. — Sterile  defibrinated  blood  may  be  kept  in  the  refrigerator  fc 
several  days  but  should  not  be  used  if  it  has  begun  to  lake  or  if  the  sedimente 
corpuscles  have  become  viscid  so  that  it  is  difficult  to  shake  them  up  into  su.- 
pension. 

Poured  blood  agar  plates  should  not  be  kept  on  hand  "ready  for  use"  f< 
longer  than  a  few  hours  under  ordinary  conditions.  If  the  surface  of  tli 
medium  becomes  even  slightly  dr}^  streptococci  will  not  grow  readily  on  it.  1 
kept  too  long  in  the  refrigerator  the  moisture  collecting  on  the  surface  of  tl' 
medium  or  undersurface  of  the  lid  is  likely  to  cause  confluence  of  colonies  < 
to  encourage  the  overgrowth  of  "surface  spreaders." 

BOUILLON    CULTURE 

The  bouillon  used  should  be  standard  meat  infusion  bouillon  of  similar  con 
position  to  the  agar  described  above.  No  dextrose  should  be  added.  No  seru; 
or  ascitic  fluid  should  be  added  if  the  bouillon  culture  is  to  be  tested  for  solubili' 
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in  bile.     The  titratable  acidity  should  be  not  above  0.5  per  cent  normal  acid  to 
phenolphthalein. 

The  bouillon  culture  should  be  used  for,  the  various  tests  only  when  it  is 
quite  fresh,  not  after  it  is  two,  three,  or  more  days  old,  nor  should  tests  be 
conducted  by  inoculation  from  one  test  medium  to  another.  For  later  tests 
and  experiments  fresh  bouillon  cultures  should  be  made  directly  from  the  stock 
culture. 

STOCK  CULTURES 

Streptococci  remain  viable  for  many  wrecks  or  months  on  ( 1 )  blood  agar 
slants,  (2)  standard  agar  slants  to  the  surface  of  which  a  few  drops  of  blood 
have  been  added,  and  (3)  in  bouillon  to  which  a  small  percentage  of  blood  has 
been  added. 

Blood  agar  slants  are  conveniently  made  by  pouring  fluid  blood  agar  on  the  surface  of 
.  previously  prepared  agar  slants.     There  is  obtained  a  layer  of  blood  agar  of  uniform  thick- 
i  ness  on  which  the  hemolytic  action  of  the  streptococcus  colonies  is  readily  observed  for  con- 
firmation of  the  purity  and  character  of  the  strain. 

Dextrose  should  not  be  added  to  any  of  the  stock  culture  media.  Before 
I  being  used  any  of  the  above  media  should  be  incubated  for  48  hours  after  the 
blood  has  been  added,  to  test  their  sterility.  When  slants  are  used  the  con- 
idensation  fluid  as  well  as  tlie  surface  of  the  slant  should  be  inoculated  with  the 
jstreptococcus.  After  inoculation  any  of  these  media  should  be  incubated  barely 
jovernight  and  then  kept  cold. 

SOLUBILITY    IN    BILE 

;        Fresh   undiluted   ox  bile  may   be   autoclaved,   filtered   through   paper,   and 
igain  autoclaved.     It  is  then  ready  for  use  as  directed  above. 

SHIPMENT    OE    CULTURES 

Cultures  on  the  slant  media  described  above  may  be  shipped  but  for  this 
»urpose  most  of  the  condensation  fluid  should  be  pipetted  ofif  to  prevent  wetting 
•f  cotton  plugs  during  shipment.  It  is  also  well  to  insert  a  cork  stopper  into 
he  tube  after  the  cotton  plug  has  lu'cn  burned  ofi:"  and  pushed  in. 

The  committee  does  not  feel  called  upon  to  recommend  in  detail  methods 
itr  the  additional  tests  numbered  5,  6,  7  and  8  above,  but  is  authorized  to  state 
lat  cultures  of  special  interest  may  be  sent  to  Rockefeller  Institute  for  Medical 
'••search,  New  York  City,  where  ihey  will  be  studied  in  detail.  Kach  of  these 
;ultures  should  be  accompanied  by  information  regarding  source,  method,  and 
late  of  isolation,  the  results  of  tests  already  conducted,  and  the  medium  on 
liich  it  is  grown. 

Signed  : 

W.    L.    11()I,M.\N, 

Oswald  T.  Avluv. 

R.  A.  KiNSELLA, 

J.  Howard  IJrown. 
June  1,  1918. 
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Bv  J.  J.  R.  ^Iacleod.  alb.,  Clevelaxd,  Ohio 


THE  extraordinary  development  of  medical  education  in  recent  years,  espe- 
cially in  this  country,  is  attributed  in  large  part  to  the  introduction  of  prac- 
tical laborator}^  courses  in  which  simplified  and  fundamental  experiments  can 
be  performed  by  the  student  himself.  When  the  student  is  given  the  opportunity 
to  "discover"  some  facts  for  himself,  not  only  is  his  interest  in  other  facts  which 
he  must  accept  on  the  authority  of  more  highl\'  trained  investigators  greatly 
enhanced,  but  he  is  in  a  better  position  to  correlate  them  with  what  he  already 
knows.  This  training  is  of  value  to  him  not  alone  in  the  particular  science, 
such  as  physiology,  to  which  the  methods  apply,  but  also  in  preparing  him  to 
estimate  at  their  true  value  the  signs  and  symptoms  with  which  he  will  have  to 
occupy  his  attention  in  the  clinic.  It  also  gives  him  a  much  greater  enthusiasm 
for  his  work. 

In  many  parts  of  physiology,  particularly  nerve-muscle  physiolog}-  and  the 
circulation,  there  is  an  adequate  number  of  sufficiently  simple  experiments  to 
make  the  practical  courses  of  great  value.  But  in  other  parts,  this  is  far  from 
being  the  case,  and  in  none  more  conspicuously  so  than  in  respiration.  To  ex- 
pect the  student  to  comprehend  the  intricate  problems  connected  with  the  ex- 
change of  gases  between  the  blood  and  air  and  between  the  blood  and  tissue^ 
without  himself  doing  some  of  the  fundamental  experiments,  is  as  unreasonable 
as  it  would  be  to  expect  him  to  learn  clinical  medicine  away  from  the  patient.' 
In  order  to  make  such  experiments  possible,  considerable  simplification  of  the 
apparatus  and  technic  that  have  been  used  by  the  experienced  investigator  ie 
essential,  and  it  is  proposed  in  this  and  subsequent  articles  to  show  how  this  ha^ 
been  accomplished  in  the  classes  under  the  writer's  care. 

There  are  two  great  difficulties  in  using  gas-analysis  apparatus  with  larg< 
classes  of  students.  One  is  the  sticking  or  "freezing"  or  breakage  of  stopcocks 
and  the  other  the  large  amount  of  mercury  required  for  many  of  the  processe- 
In  the  apparatus  used  in  these  experiments  stopcocks  are  almost  entirely  re 
placed  by  screw  clips,  a  device  being  introduced  to  equalize  the  gas  pressure  i' 
the  apparatus  after  the  screw  clip  has  been  tightened,  and  very  little  mercur 
is  employed.  Much  of  the  apparatus,  especially  that  used  for  the  analysis 
alveolar  air  and  the  total  respiratory  exchange,  can  also  be  used  with  gre; 
advantage  for  routine  clinical  work  without  any  significant  sacrifice  of  accurac; 

XO.    I.     SIMPLIFIED   PUMP  FOR   REMOVING  AND  ANALYZING  THE  BLOOD  GASES 

The  first  process  to  be  described,  namely,  the  removal  of  the  gases  fro: 
blood  by  a  vacuum  pump,  is  in  many  ways  the  most  complicated  of  them  a 
and  it  is  one  which  can  have  no  important  clinical  application.  Neverthele 
it  is  an  experiment  of  very  great  value  in  the  training  of  the  student,  since 
demonstrates  as  no  other  method  can  that  the  blood  carries  a  large  amount  < 
gas  which  is  completely  evolved  only  when  the  pressure  is  greatly  reduced.    Tl 
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apparatus  is  adapted   from  that  of   Leonard  Hill,*   the  modifications  being  as 
follows : 

1.  The  use  of  a  syringe  working  in  an  oil-bath  in  place  of  the  leveling  tube 
with  mercury. 

2.  The  use  of  a  substance  to  prevent  foaming  of  the  blood  during  the  evacu- 
ation process,  thus  permitting  a  much  smaller  blood  bulb  to  be  used. 

3.  The  collection  of  the  gases  in  a  graduated  pipette  instead  of  an  eudiometer 
tube. 

4.  The  preliminary  evacuation  of  the  blood  bulb  by  means  of  one  or  other 
of  the  high-grade  Aacuum  pumps  which  are  usually  part  of  the  equipment  of  a 
physiological  laborator}'. 

DETAILS    OF   METHOD 

Place  about   15   c.c.   defibrinated  ox  blood  in  a   500  c.c.   flask,  and  fill   the 

latter  with  alveolar  air  by  expiring  deeply  into  it  through  a  piece  of  wide-bore 

I  rubber  tubing,  or  better,  through  glass  tubes  inserted  through  the  stopper  of  a 


F■k^    1. 


Eii?.   2. 


illlc  filled  witli  glass  licads,  whicli  condenses  and  reuiDNO  the  water  from  the 
r.  Rotate  the  llask  so  that  the  IjIoocI  forms  a  thin  tihn  on  the  walls,  but  do 
't  shake  in  such  a  manner  as  to  cause  the  blood  to  froth.  W  bile  rotating, 
lasionally  expire  through  the  tube  into  the  flask  so  as  to  m.'iintain  the  i)er- 
■ntage  of  carlxjn  dioxide  constant.  Continue  this  jirocedure  for  ;il)out  \\\yvr 
mutes  and  then  close  the  flask.  l'>y  this  i)r()cedure  the  bloo<l  absorbs  oxygen 
lull  saturation,  and  carbon  dioxide  to  the  same  extent  as  that  of  the  blood  in 
!•  pulmonary  capillaries. 

Meanwhile  the  bulb  of  the  blood  ])ump  (l^g.  1,  -  /  I  is  e\acuated  by  conneot- 

;'  it,  by  means  of  the  attached  piece  of  rubber  tubing,  to  a  \acuum  jnun])  ( ( '.eryk 

Cenco-Nelson),   which    is   o[)eraled    until    [Uv    ni.inomcter    records   .as    low    ;i 


•Hill 


Jdur.     I'liysicl.,    IS'H,    xvii,    .15.). 
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pressure  as  possible.  The  screw  clip  (1)  is  then  tightened,  leaving  as  long  a 
piece  of  tubing  beyond  the  clip  as  possible.  A  few  drops  of  the  antifoaniing 
solution  (caprylic  alcohol  or  isoamylisovalerate)  is  then  allowed  to  flow  into  the 
bulb.  This  is  accomplished  by  taking  about  0.5  c.c.  of  the  fluid  in  a  narrow-bored 
glass  tube  of  sufficient  external  diameter  to  tightly  fit  the  rubber  tubing  of  the 
blood  bulb  (a  1  c.c.  pipette  with  the  delivei-y  tapered  end  partially  cut  off). 
Before  inserting  the  pipette  into  the  rubber  tubing,  the  lumen  of  the  latter  be- 
yond the  clip  is  filled  with  the  antifoaniing  solution,  so  that  no  air  may  enter 
the  bulb.  The  screw  clip  (1)  is  then  very  cautiously  opened  and  about  0.1-0.2 
c.c.  of  the  solution  allowed  to  run  in,  after  which  the  clip  is  again  screwed  tight, 
the  pipette  removed,  and  the  solution  still  in  it  replaced  in  the  stock  bottle. 

Ten  c.c.  of  blood  is  now  placed  in  the  bulb.  To  accomplish  this  remove 
blood  from  the  flask  by  means  of  the  special  10  c.c.  pipette  (see  Fig.  2),  using 
only  gentle  suction  and  filling  to  the  upper  mark.     Squeeze  all  air  out  of  the  tubb- 


ing on  the  blood  bulb,  and  then  insert  the  end  of  the  pipette  in  the  tubing,  bein 
careful  to  see  that  no  air  bubbles  are  present  at  the  union.  Holding  the  pipett 
and  blood  bulb  vertically,  cautiously  unscrew  the  clip  (1)  and  allow  the  bloo 
to  flow  from  the  pipette  into  the  bulb  until  the  lower  mark  on  the  former  ' 
reached.  The  capacity  between  the  two  marks  is  10  c.c.  After  tightening  th 
screw  clip,  remove  the  pipette  and  squeeze  out  the  blood  left  in  the  tubing. 

The  blood  pump  must  now  be  prepared.  This  consists  of  a  50  c.c.  all-gla; 
(Luer)  syringe  (B),  with  vaseline  between  the  walls  and  piston,  the  nozzle  b' 
ing  connected  by  thick-walled  rubber  tubing  with  the  single  tube  of  a  three-Wc' 
stopcock  (C).  Of  the  other  tubes  of  the  stopcock,  one  (D)  runs  to  connect,  1 
narrow-bore  glass  tubing,  with  the  blood  bulb  and  the  other  (B)  to  the  g; 
burette  (F).  (A  10  c.c.  graduated  pipette  is  satisf actor}'.)  To  avoid  all  ri; 
of  air  leakage  into  the  syringe,  this  is  manipulated  in  an  oil-bath,*  as  shown 
Fig.  3.     A  brass  tube  of  a  diameter  slightly  greater  than  that  of  the  syringe 


*Any  high-grade  mineral   oil  such  as   Polarine   or  Mobilol   can  be  used. 
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allowed  to.  rest  on  the  shoulder  at  the  end  of  the  piston.  To  opposite  sides  of 
this  tube,  near  its  upper  end,  are  soldered  two  projections  (see  side  elevation), 
on  which  rest  the  wooden  lever,  which  is  hinged  to  a  block  as  shown  in  the 
illustration.  Two  wires  also  connect  the  handle  of  the  piston  with  the  lever. 
The  syringe  must  be  firmly  held  in  a  clamp  at  its  upper  end,  and  cotton  or  as- 
bestos is  placed  between  the  clamp  and  the  glass,  so  as  to  prevent  breakage  and 
permit  of  some  lateral  motion  when  the  lever  is  manipulated. 

The  first  step  in  preparing  the  blood  pump  is  to  get  rid  of  all  the  dead  space 
in  the  tubing  and  connections.  This  is  readily  accomplished,  for  B  by  turning 
stopcock  C  so  that  B  communicates  with  B,  raising  the  leveling  burette  {G), 
and  simultaneously  withdrawing  the  piston  of  the  syringe,  by  depressing  the 
lever,  until  about  20  mm.  of  mercury  has  collected  on  the  top  of  the  piston.  The 
stopcock  is  then  turned  so  that  B  and  D  are  connected  and  the  piston  raised 
until  all  the  air  is  expelled  and  mercury  completely  fills  tube  D.  Any  drops 
of  mercury  falling  from  the  open  end  of  5  must  be  caught  in  a  small  beaker. 
The  mercury  left  on  the  top  of  the  piston  seals  this  completely  during  the  sub- 
sequent manipulations. 

After  squeezing  all  air  out  of  the  tubing  on  the  blood  bulb,  this  is  now 

connected  with  D  and  immersed  in  a  jug  containing  water  at  45°  C.     Having 

turned  C  so  that  B  communicates  with  D,  the  piston  is  then  depressed  to  about 

the  20  c.c.  mark,  and  while  still  depressed  the  screw  clip  (1)  is  opened.     About 

this  time  the  blood  will  begin  to  boil  and  the  gases  given  ofif  from  it  will  pass 

into  the  vacuum  above  the  mercury  in  the  syringe.     C  is  turned  so  that  B  is 

closed  off  and  the  piston  allowed  slowly  to  ascend.      (It  must  not  be  allowed 

to  ascend  too  rapidly,  since  this  might  break  the  syringe.)     The  gas  which  has 

collected  in  the  syringe  is  now  expelled  into  the  burette  {F)  by  turning  C  so  that 

B  and  B  communicate  and  pressing  up  the  piston.     After  all  the  gas  is  out  of 

he  syringe,  mercury  is  allowed  to  run  into  B  a  short  distance,  being  careful 

ot  to  allow  any  to  get  into  F.     This  first  process  obviously  removes  only  a 

mall  fraction  of  the  total  gas  in  the  blood,  and  it  must  be  repeated  several 

iimes  exactly  as  described  above,  until  no  more  gas  can  be  secured.     The  dis- 

jodgment  of  the  gas  from  the  blood  is  greatly  accelerated  by  warmth  and  by 

casionally  removing  the  Inilb  from  the  water-bath  and  shaking  briskly. 

It  is  now  necessary  to  measure  and  analyze  the  evolved  gas.     For  this  pur- 

"ise  the  piston  is  cautiously  pushed  up,  with  B  and  B  in  communication,  until 

itTcury  stands  at  the  zero  mark  on  the  neck  of  the  gas  burette.     The  clip   (4) 

then  screwed  down  and  the  leveling  burette    (6")    lowered  until   the  menisci 

land  at  the  same  level   in  it  and  the  burette.     This  brings  the  gas  to  atmos- 

licric  pressure  and  the  volume  is  read  and  noted.     The  reading  gives  the  c.c. 

i"  gas  in  10  c.c.  blood.     The  volume  should  be  reduced  to  standard  temperature 

I'l  pressure  (for  calculation  sec  p.  431  of  this  joruxAL).     'I'o  analyze  the  gas 

40  per  cent  solution  of  sodium  hydroxide  is  sucked    from  a   watch  glass  into 

jic  2  c.c.  all-glass  .syringe   (/),  and  the  tube  attachc(l  to  the  no/zle  inserted  in 

»e  side  tube  (//).     All  air  must  be  ex])elled  from  this  tube.     W  ith  the  pinchcock 

')   closed,   the   clip    (5)    is  opened,   whili-   gentle   pressure   is   being   niainlained 

'  the  piston  of  the  small  syringe  so  that  the  mercury  may  not  run  into  it.     The 

•lOII  runs  up  to  the  top  of  the  mercury  column    (_/•'),  and  wiien  it  is  all  in, 
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clip  5  is  again  screwed  down.  The  syringe  (/)  is  removed  and  F  inverted  se\ 
eral  times  so  that  the  carbon  dioxide  in  the  gas  contained  in  it  may  be  thoroughl\ 
absorbed.  On  now  opening  cHp  6,  the  mercury  will  rise  in  F,  and  by  adjust! n'^ 
the  leveling  tube  the  shrinkage  in  volume  due  to  the  absorption  of  CO,  can  la 
ascertained  and  the  percentage  of  this  gas  determined.  The  reading  is  taken 
which  corresponds  to  the  top  of  the  NaOH  solution,  a  similar  amount  of  X'aCjH 
solution  being  placed  on  the  top  of  the  mercury  in  the  leveling  tube.  Care  nni:^t 
be  taken  to  see  that  all  the  COo  is  absorbed. 

To  absorb  the  oxygen,  about  a  gram  of  pyrogallic  acid  is  dissolved  in  2  c.c. 
of  water  in  the  watch  glass,  the  solution  is  introduced  into  F,  and  the  furtlier 
manipulations  conducted  in  the  same  manner  as  for  the  NaOH  solution.  Tin 
gas  which  remains  when  both  COo  and  Oo  are  absorbed  is  nitrogen.  Thert 
should  not  be  more  than  0.1-0.2  c.c,  any  larger  amount  being  due  to  air  leakaj^x 
into  the  apparatus  during  the  manipulations.  If  any  considerable  amount  of 
nitrogen  is  left,  its  volume  should  be  measured,  and  by  subtracting  0.2  from 
this,  the  volume  of  Oo  that  must  have  been  introduced,  as  air,  with  it  can  be 
ascertained  and  subtracted  from  the  actually  observed  Oj.  By  taking  proper 
precautions,  however,  the  residual  nitrogen  should  never  be  more  than  0.3-0.5  c.c. 

When  the  analysis  is  completed,  the  mercury  is  run  out  from  the  burette 
by  the  side  tube  (//),  after  removing  the  stopcock  (C),  and  the  burette  thor- 
oughly washed  with  water.  The  mercury  and  alkali  pyrogallate  solution  (whicli 
is  now  brown  in  color)  are  then  washed  in  running  water  until  the  washinc;^ 
react  neutral  to  litmus  paper.  The  mercury  should  then  be  transferred  to 
separating  funnel  containing  a  dilute  solution  of  sulphuric  acid.  The  bloo' 
bulb  shovdd  also  be  cleaned  immediately,  since  otherwise  a  sticky  precipitate 
which  is  difficult  to  remove  adheres  to  the  walls. 


SIMPLE   METHOD  OF  MEASURING  ANTISHEEP  AMBOCEPTOR 

CONTENT  OF  HUMAN  SERUM  AND  CORRECTING  FOR  IT 

IN  WASSERMANN  TESTS 


By  J.  J.  SeELMan,  M.D.,  Milwaukee,  Wis. 

NATIVE  antisheep  amboceptors  are  present  in  varying  amounts  in  most  In 
man  bloods.  It  has  long  been  evident  to  serologists  that  this  factor  intn 
duces  a  source  of  error  in  complement-fixation  tests  in  which  the  sheep  hemolyti 
system  is  employed.  If  the  hemolytic  system  is  to  perform  its  function  of  ind 
cator  with  precision  its  action  must  be  uniform  for  every  serum  tested  in  a  gi\  e 
test.  In  the  classical  Wassermann  test  the  native  antisheep  amboceptors  ;ii 
ignored.  As  a  result  the  carefully  titrated  system  of  known  hemolytic  strengi 
becomes  a  system  of  unknown  strength  the  moment  it  is  added  to  the  antigti 
serum-complement  mixture.  If  it  is  conceded  that  a  carefully  titrated  herm 
lytic  system  is  essential  to  accurate  work,  it  necessarily  follow\s  that  any  facto 
which  tend  to  throw  this  system  out  of  adjustment  the  moment  it  is  about 
exercise   its   function   of   indicator   should,    if   possible,    be    removed. 

If  a  human  hemolytic  system  is  employed,  as  in  the  Xoguchi  test,  the  an 
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sheep  amboceptors  can,  of  course,  be  ignored.  Practical  considerations  have, 
however,  prevented  the  general  adoption  of  the  human  hemolytic  system.  It  is 
much  more  difficult  to  immunize  rabbits  against  human  corpuscles  than  against 
sheep  corpuscles.  The  hemolytic  titer  for  the  former  can  never  be  brought  as 
high  as  for  the  latter,  while  the  agglutinating  titer  is  usually  much  higher.  Iso- 
hemolysins  as  well  as  isoagglutinins  also  interfere  with  the  accuracy  of  this 
system. 

Antisheep  amboceptors  can  be  removed  by  subjecting  the  serum  to  the 
action  of  sheep  corpuscles  and  subsequently  removing  the  latter  by  centrifuga- 
tion.  This  requires  additional  handling  and  repipetting  of  sera,  consumes  con- 
siderable time  and  increases  the  chances  of  error.  There  is  also  unquestionably 
an  osmotic  interchange  between  corpuscles  and  serum,  and  just  how  far  this 
may  influence  the  specific  behavior  of  the  serum  in  the  test  has  not  been  deter- 
mined. That  serum  is  considerably  more  anticomplementary  after  this  treat- 
ment than  before  has  been  demonstrated. 

The  titration  of  each  serum  to  determine  its  antisheep  amboceptor  content 
can,  of  course,  be  carried  out,  but  requires  an  amount  of  labor  inconsistent  with 
the  requirements  of  routine  work. 

I  have  for  some  time  used,  with  complete  satisfaction,  a  simple  method 
which  is  practically  accurate,  and  requires  the  serting  up  of  but  one  tube  for 
each  serum  to  be  tested  in  addition  to  an  amboceptor  titration. 

Essentially  the  method  consists  of  utilizing  the  tubes  of  an  amboceptor  titra- 
tion as  standards  by  which  to  measure  the  hemolyzing  power  of  the  serum  to 
be  examined.  The  detailed  technic  must  vary  somewhat  with  the  methods  em- 
ployed in  different  laboratories. 

In  our  laboratory  we  use  one-fourth  Wassermann  quantities.  Our  ambo- 
ceptor is  dried  on  filter  paper  in  which  condition  it  keeps  its  titer  unchanged  for 
at  least  six  months.  As  any  one  batch  of  amboceptor  is  consumed  in  much  less 
time  than  this,  the  originally  ascertained  titer  can  always  be  accepted  as  cor- 
rect. The  titer  of  a  new  amboceptor  is  established  by  comparisons  with  the 
old,  and  b}-  titrations  with  pooled  guinea  pig  serum.  The  amboceptor  is  diluted 
so  that  the  dose  (two  units)  is  .14  c.c.  and  with  it  as  a  standard  we  titrate  the 
complement  before  each  test.  Along  with  this  complement  titration,  the  native 
amboceptor  content  of  each  scrum  to  be  examined  is  ascertained  as  lollows: 

Two  series  of  tubes  are  set  up.  One  series  is  an  amboceittor  titration,  con- 
sisting of  seven  tubes,  each  receiving  .25  c.c.  of  a  1  :10  guinea  pig  serum  dilu- 
tion, .25  c.c.  5  per  cent  corpuscle  suspension,  and  increasing  amounts  ot  ambo- 
ccplor  dilution,  .02,  .04,  .06,  .OS,  .1,  .12  and  .14  c.c.  resi)ecti\ely.  The  second 
-erics  consists  of  one  ti-.be  for  each  scrum  to  be  tested,  receiving  each  .25  c.c. 
com])leincnt  (hkuion,  .25  c.c.  cor])UScle  suspension  and  .05  c.c.  ol  its  respective, 
inactivated  serum,  but  nd  amboceptor.  Tliis  set  up  i-.  i>lacc(l  in  the  watcr-batli 
at  37.5  C.  for  one-half  hour.  With  an  average  complcnicnt  thi-  .H  c.c.  ambo- 
ceptor tube  will  begin  to  hcmol\zi'  in  about  (\\Q  to  six  minutes  and  will  be  com- 
pletely hemolyzecl  in  about  ten  to  twelve  minutes,  varying  s.iniewbat  with  dit- 
fercnt  guinea  pig  sera.  When  about  7?  per  cent  hcniol\si^  has  taki'u  place  in 
the  .14  c.c.  amboceptor  tube-  it  is  taken  out  and  compared  with  each  ol  (he  srruu] 
tubes  and  the  sera  of  tbo^e  tubes  which  correspond  to  it   in  degree  ot    hemolysis 
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are  considered  as  liaAing  a  value  of  .14  c.c.  amboceptor.  The  same  procedure 
is  carried  out  with  the  .12,  .1  and  .08  c.c.  amboceptor  tubes  when  each  has 
attained  about  75  per  cent  hemolysis.  At  the  end  of  the  half-hour  the  .08 
c.c.  amboceptor  tube  is  usually  completely  hemolyzed  and  the  .06  c.c.  shows 
slight  inhibition.  At  this  time,  without  w'aiting  for  further  hemolysis,  the  .06, 
.04  and  .02  c.c.  amboceptor  tubes  are  compared  with  the  remaining  serum  tubes 
and  each  of  these  latter  is  given  an  amboceptor  value  corresponding  to  the 
amount  of  amboceptor  contained  in  the  amboceptor  tube  with  which  it  com- 
pares. The  comparisons,  of  course,  are  not  always  exact,  and  when  they  fall 
between  two  amboceptor  tubes  the  selection  is  made  between  them.  For  in- 
stance, if  a  serum  tube  falls  between  the  .06  and  .08  c.c.  amboceptor  tube,  it  is 
read  as  containing  .07  c.c.  amboceptor. 

In  the  test  proper  the  required  allowances  are  made.  If  a  serum  was 
shown  to  contain  a  native  amboceptor  value  corresponding  to  .14  c.c.  (the  full 
dose)  of  the  amboceptor  dilution  to  be  used,  it  receives  no  amboceptor  what- 
ever in  the  test ;  if  its  value  is  less  than  this,  it  receives  the  difference  between 
its  value  and  .14;  if  its  value  is  less  than  .02  c.c.  it  receives  the  full  dose  of 
amboceptor. 

Not  infrequently  sera  are  encountered  which  hemolyze  faster  than  the  .14 
c.c.  amboceptor  tube.  If  the  difference  is  only  slight,  it  is  ignored.  If  it  is  con- 
sidered sufficient  to  act  as  a  source  of  error,  the  native  amboceptor  is  removed 
altogether  and  the  senmi  given  the  full  dose  in  the  test. 

For  the  purposes  of  the  above  described  native  amboceptor  determinations, 
the  complement  titer  of  the  guinea  pig  serum  is  immaterial,  the  only  condition 
being  that  the  same  amount  of  guinea  pig  serum  and  the  same  amount  of  cor- 
puscles are  used  in  the  amboceptor  standards  as  are  used  in  the  serum  unknowns. 
For  this  reason,  w'hen  complement  titrations  are  made  before  the  Wassermann 
test,  the  native  amboceptor  determinations  can  be  made  along  with  the  com- 
plement titration,  and  require  no  additional  time  except  that  consumed  in  setting 
up  the  necessary  tubes.  If  no  complement  but  only  an  amboceptor  titration  is 
made,  the  native  amboceptor  determinations  can  be  made  by  the  simple  addition 
of  the  serum  tubes,  as  above  described,  to  the  usual  amboceptor  titration. 

Following  are  the  native  amboceptor  determinations  made  on  500  sera 
recently  tested  in  our  laboratory  with  an  amboceptor  dilution  of  which  the  dose 
(two  units)  was  .14  c.c: 

AMBOCEPTOR  VALUE 

Less  than  .02  c.c.  166 

.02  "  to  .04  c.c.  79 

.04  "  "  .06  "  75 

.06  "  "  .08  "  56 

.08  "  "  .10  "  30 

.10  "  "  .12  "  29 

.12  "  "  .14  "  25 

.14  "  "  .14  "  f                                                        19 

.14  "  "  .14  "  ++.                                                     12 

.14  "  "  .14  "  +  +  +                                                    9 

That  the  correction  of  these  wide  variations  of  native  antisheep  amboceptor 
content  must  add  considerably  to  the  accuracy  of  the  Wassermann  test  is  self- 
evident. 
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EDITORIALS 


Substitutes  for  Blood  in  Transfusion 

THERE  exists,  as  Rous  and  Wilson^  say,  a  great  and  urgent  need  for  an  in- 
jecticjn  fluid  that  can  be  satisfactorily  employed  instead  of  blood  for  trans- 
fusion in  cases  of  hemorrhage.  That  this  need  is  greatest  at  or  near  the  battle 
fronts  in  Europe  goes  without  saying.  Nevertheless  there  is  a  constant  need 
of  such  a  fluid  in  everyday  emergency  work  at  home. 

The  reason  that  blood  is  the  ideal  transfusion  fluid  is  not  that  it  is  blood 
nor  that  it  contains  hemoglobin  or  other  blood  substances,  but  because  the  liquid 
(the  water)  that  it  contains  is  held  by  the  colloids  of  the  fluid  in  such  a  way 
diat  it  is  held  by  them  for  a  longer  period  than  .so  much  pure  water  would  be 
and  therefore  it  remains  longer  in  the  vessels  and  gives  the  heart  something  to 
push  against,  so  to  speak.  If  one  Introduces  pure."  water  into  the  vessels  of  the 
1  body  it  is  almost  immediately  given  up  and  excreted  by  the  kidneys.  Water  held 
'by  colloids,  on  the  contrary,  tends  to  be  held  in  the  body  until  the  colloids  hold- 
ing the  water  are  split  up  by  the  ferments  of  the  body  and  the  water  is  set  free. 
Salt  .solutions  not  held  in  colloidal  combination  act  as  does  pure  water.  Obviously 
ihe  ideal  fluid  for  injection  after  hemorrhage  is  blood  plasma,  for  it  is  a  colloidal 
>olution  in  whidi   the  water  is  held   in  a  physiologic  .stable  way.      I'.ut,  also  oli- 
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viously  plasma  is  not  always  obtainable  on  short  notice.  It  has  been  shown 
that  when  more  than  half  the  total  calculated  blood  volume  had  been  taken 
from  an  animal  and  ^\  hen  the  carotid  pressure  had  fallen  to  the  physiologic  zero, 
the  pressure  was  instantly  and  permanently  restored  to  normal  by  injecting  an 
equivalent  amount  of  plasma.  A  saline  solution  on  the  other  hand  brought  about 
only  a  slight  transient  recovery  of  the  pressure. 

As  substitutes  for  plasma  or  blood  in  transfusion  Hogan'-  has  recommended 
and  used  a  2.5  gelatin  solution,  and  Bayliss"  a  6  per  cent  gelatin  or  a  7  per  cent 
gum  acacia  solution.  The  acacia  has  the  advantage  over  gelatin  that  it  can  be 
sterilized  without  danger  of  hydrolyzing  it  and  thereby  rendering  it  useless. 
Boiling  it  does  no  damage.  Also  acacia  is  protein-free  and  therefore  will  not 
produce  anaphylaxis.  A  2  per  cent  acacia  solution  at  first  raises  the  lowered 
blood  pressure  to  normal  but  the  rise  is  very  transient.  A  4  per  cent  solution 
is  more  satisfactory,  but  this,  or  even  a  5  per  cent  solution,  is  not  effective  in 
all  cases.  Six  or  7  per  cent  is  required  if  one  is  to  bring  back  the  normal  pres- 
sure in  an  organism  depleted  of  its  fluid  reser\es. 

As  Rous  and  ^^'ilson  say,  the  needs  for  a  blood  substitute  may  be  widely 
different  in  diff'erent  cases.  When  the  hemorrhage  has  been  rapid  and  has  been 
completely  checked,  almost  any  harmless  isotonic  solution  will  tide  the  patient 
over.  It  matters  little  that  the  fluid  will  soon  leave  the  vessels,  for  the  patient's 
fluid  reserves  are  almost  intact,  as  is  his  ability  to  manufacture  a  plasma  rapidly. 
At  the  other  extreme  are  those  instances  in  which  the  blood  has  been  draining 
steadily  away  and  there  remains  in  the  body  no  source  of  an  immediate  restora- 
tion of  fluid.  Here  half-measures  can  not  suffice.  A  fluid  must  be  furnished 
which  will  take  the  place,  over  many  hours,  of  the  lost  blood  bulk.  Except  for 
the  blood  or  plasma  of  other  human  beings,  fluids  containing  from  6  to  7  per  cent 
of  gum  acacia  are  the  best  at  present  available  for  the  purpose.  Intermediate 
cases  can  undoubtedly  be  much  helped  by  a  2  or  3  per  cent  acacia  solution  or 
by  Hogan's  solution.  In  view  of  our  ignorance  of  the  after-eff'ects  of  these 
foreign  substances  it  is  advisable  not  to  inject  more  than  the  needs  of  the  case 
demand. 
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The  Duty  of  the  Employer  in  the  Reconstruction  of  the 

Crippled  Soldier 

E  must  count  on  the  return  from  the  front  of  thousands  of  crippled  sol- 
diers.     We   must   plan   to   give   them   on   their   return   the   best   possible 
chance   for   the   future.  ' 

Dependence  cannot  be  placed  on  monetary  compensation  in  the  form  of 
a  pension,  for  in  the  past  the  pension  system  has  proved  a  distinct  failure  in 
so  far  as  constructive  ends  are  involved.     The  pension  has  never  been  enough 
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lo  support  in  decency  the  average  disabled  soldier,  but  it  has  been  just  large 
enough  to  act  as  an  incentive  to  idleness  and  semi-dependence  on  relatives  or 
friends. 

The  only  compensation  of  real  value  for  physical  disability  is  rehabilita- 
tion for  self-support.  Make  a  man  again  capable  of  earning  his  own  living 
and  the  chief  burden  of  his  handicap  drops  away.  Occupation  is,  further,  the 
only  means   for  making  him   happy   and   contented. 

Soon  after  the  outbreak  of  hostilities  the  European  countries  began  the 
establishment  of  \-ocational  training  schools  for  the  rehabilitation  of  disabled 
soldiers.  They  had  both  the  humanitarian  aim  of  restoring  crippled  men  to 
the  greatest  possible  degree  and  the  economic  aim  of  sparing  the  community 
I  the  burden  of  unproductivity  on  the  part  of  thousands  of  its  best  citizens.  The 
movement  had  its  inception  w'ith  Mayor  Edouard  Herriot  of  the  city  of 
Lyons,  France,  who  found  it  difficult  to  reconcile  the  desperate  need  for  labor 
in  the  factories  and  munition  works  while  men  who  had  lost  an  arm  or  a  leg 
but  were  otherwise  strong  and  well  were  idling  their  time  in  the  public  squares. 
He  therefore  induced  the  municipal  council  to  open  an  industrial  school  for 
war  cripples  which  has  proved  the  example  and  inspiration  for  hundreds  of 
similar  schools  since  founded  throughout  France,  Italy,  Germany,  Great  Britain 
and  Canada. 

The  disability  of  some  crippled  soldiers  is  no  bar  to  returning  to  their 
former  trade,  but  the  injuries  of  many  disqualify  them  from  i)ursuing  again 
their  past  occupation.  The  schools  of  training  prepare  these  men  for  some 
work  in  which  their  physical  handicap  will  not  materially  interfere  with  their 
production. 

The  education  of  the  adult  is  made  up  largely  of  his  working  experience. 
The  groundwork  of  training  in  his  past  occupation  must  under  no  circum- 
stances be  abandoned.  The  new  trade  must  be  related  to  the  former  one  or  be. 
perhaps,  an  extension  or  specialization  of  it.  For  example,  a  man  who  had 
done  manual  work  in  the  building  trades  may  by  instruction  in  architectural 
:  drafting  and  the  interpretation  of  plans  be  fitted  for  a  foreman's  job,  in  which 
'  the  lack  of  an  arm  would  not  prove  of  serious  handicap.  A  trainman  who 
had  lost  a  leg  might  wisely  be  prepared  as  a  telegrapher,  so  that  he  could  go 
l>ack  to  railroad  work,  with  the  ])ractice  of  which  he  is  already   familiar. 

Whatever  training  is  given  must  be  thorough,  for  an  adult  can  not  be  sent 
out  to  employment  on  the  same  basis  as  a  boy  ajiprentice.  lie  nnist  be  ade- 
;(iuately  prepared   for  the  work  he  is  to  undiTlake. 

The  one-armed   soldier   is   e(|uippcd    with    vxorking   appliances   which    ha\e 

iil)planted  the  old   familiar  artificial    limb.      The   new   appliances   are   designed 

with  a  ])raclical   aim   onl\    in   \  iew  ;   llicy   \ar_\-  according  to   the   trade   in   which 

ithe  individual  is  to  engage,      h'or  exam])le,  the  ;ippli;incr   t'or  a   machinist   would 

|be  quite  different  from  that  with  which  a  wood  turner  would  be  jnoxided.     Some 

'i])pliances  have  attached  to  the  slum])  a  chuck   in   whith   \arious  tools  or  hooks 

jean   interchangeabh-   be   held.      The   wearer   uses    the-c    de\ices   only    while   at 

'work;   for  evenings  and   hohdaxs   he   is   provided   with   a   "dress   arm"   which    is 

'iiade  in  imitation   of   the  lost   natural   member. 
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An  important  factor  in  the  success  of  re-educational  work  is  an  early 
start,  so  that  the  disabled  man  shall  have  no  chance  to  go  out  unemployed 
into  the  commimity.  In  even  a  short  period  of  exposure  to  the  sentimental 
sympathy  of  family  and  friends,  his  "will  to  work"  is  so  broken  down  that  it 
becomes  difficult  again  to  restore  him  to  a  stand  of  independence  and  ambition. 
For  this  reason,  therefore,  the  plan  for  his  future  is  made  at  as  early  a  date  as 
his  physical  condition  admits,  and  training  is  actually  under  way  before  the 
patient  is  out  of  the  hospital. 

In  the  readjustment  of  the  crippled  soldier  to  civilian  life,  his  placement 
in  employment  is  a  matter  of  the  greatest  moment.  In  this  field  the  employer 
has  a  very  definite  responsibility. 

But  the  employer's  duty  is  not  entirely  obvious.  It  is,  on  the  contrary, 
almost  diametrically  opposite  to  what  one  might  superficially  infer  it  to  be. 
The  duty  is  not  to  "take  care  of"  from  patriotic  motives,  a  given  number  of 
disabled  men,  finding  for  them  any  odd  jobs  which  are  available,  and  putting 
the  ex-soldiers  in  them  without  much  regard  to  whether  they  can  earn  the 
wages  paid  or  not. 

Yet  this  method  is  all  too  common.  A  local  committee  of  employers  will 
deliberate  about  as  follows :  "Here  are  a  dozen  crippled  soldiers  for  whom 
we  must  find  jobs.  Jones,  you  have  a  large  factory;  you  should  be  able  to  take 
care  of  six  of  them.  Brown,  can  you  not  find  places  for  four  of  them  in  your 
warehouse  ?    And  Smith,  you  ought  to  place  at  least  a  couple  in  your  store." 

Such  a  procedure  can  not  have  other  than  pernicious  results.  In  the  first 
years  of  war  the  spirit  of  patriotism  runs  high,  but  experience  has  shown  that 
men  placed  on  this  basis  alone  find  themselves  out  of  a  job  after  the  war  has 
been  over  several  years,  or  in  fact,  after  it  has  been  in  progress  for  a  con- 
siderable period  of  time. 

A  second  weakness  in  this  method  is  that  a  man  who  is  patronized  by 
giving  him  a  charity  job,  comes  to  expect  as  a  right  such  semi-gratuitous 
support.  Such  a  situation  breaks  down  rather  than  builds  up  character,  and 
makes  the  man  progressively  a  weaker  rather  than  a  stronger  member  of  the 
community.    We  must  not  do  our  returned  men  such  injury. 

The  third  difficulty  is  that  such  a  system  does  not  take  into  account  the 
man's  future.  Casual  placement  means  employment  either  in  a  makeshift 
job  as  watchman  or  elevator  operator  such  as  we  should  certainly  not  offer 
our  disabled  men  except  as  a  last  resort — or  in  a  job  beyond  the  man,  one 
in  which,  on  the  cold-blooded  considerations  of  product  and  wages,  he  can  not 
hold  his  own.  Jobs  of  the  first  type  have  for  the  worker  a  future  of  monotony 
and  discouragement.  Jobs  of  the  second  type  are  frequently  disastrous,  for 
in  them  a  man,  instead  of  becoming  steadily  more  competent  and  building  up 
confidence  in  himself,  stands  still  as  regards  improvement  and  loses  confidence 
every  day.  When  he  is  dropped  or  goes  to  some  other  employment,  the  job 
will  have  had   for  him  no  permanent  benefit. 

Twelve  men  sent  to  twelve  jobs  may  all  be  seriously  misplaced,  while  the 
same  twelve  placed  with  thought  and  wisdom  and  differently  assigned  to  the 
same  twelve  jobs  may  be  ideally  located.     If  normal  workers   require  expert 
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and  careful  placement,  crippled  candidates  for  employment  require  it  even  more. 

The  positive  aspect  of  the  employer's  duty  is  to  find  for  the  disabled 
man  a  constructive  job  which  he  can  hold  on  the  basis  of  competency  alone. 
In  such  a  job  he  can  be  self-respecting,  be  happy,  and  look  forward  to  a 
future.  This  is  the  definite  patriotic  duty.  It  is  not  so  easy  of  execution  as 
telling  a  superintendent  to  take  care  of  four  men,  but  there  is  infinitely  more 
satisfaction  to  the  employer  in  the  results,  and  infinitely  greater  advantage  to 
the  employee.  And  it  is  entirely  practical,  even  in  dealing  with  seriously  disa- 
bled men. 

A  cripple  is  only  debarred  by  his  disability  from  performing  certain  op- 
erations.     In  the  operation'^  which   he  can  perform,   the  disabled   man   will   be 


Hack    to    tiie   Oi.d  Job. 

Most  of  our  wounded  will  be  able  to  resume  their  former  occupations.  Although  he  lost  both 
legs,  this  soldier  will  continue  in  his  profession  as  .t  draftsman.  At  present  he  is  beini;  physieallv  recon- 
structed at  Walter  Reed  Hospital,  Washington,  D.  C,  but  as  soon  as  his  artificial  limbs  are  fitted  he 
will  leave.  Meanwhile,  the  most  effective  curative  agent  is  his  occupation  with  mechanical  dralting. 
'Courtesy  "Carry   On.") 

just  as  efficient  as  his  non-handicai)pcd  colleague,  or  more  so.  In  the  mul- 
tiplicity of  modern  industrial  processes  it  is  entirely  possible  to  find  jobs  not 
requiring  the  operations  from  which  any  given  type  of  cripples  are  debarred. 
l''or  such  jobs  as  they  can  fill  the  cripple  should  be  given  preference. 

Thousands  of  cripples  are  now  holding  important  jobs  in  the  industrial 
world.  But  they  are  men  of  exceptional  character  and  initiative  and  have,  in 
general,  made  their  way  in  spite  of  employers  rather  than  because  of  them. 
Too  many  employers  are  ready  to  give  the  cripple  alni^-,  hut  not   willing  to  ex- 
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pend  the  thought  necessary  to  place  him  in  a  suitable  job.  This  attitude  has 
helped  to  make  many  cripples  dependent.  A\'ith  our  new  responsibilities  to  the 
men  disabled  in  fighting  for  us,  the  point  of  view  must  certainly  be  changed. 
What  some  cripples  have  done,  other  cripples  can  do — if  only  given  an  even 
chance. 

The  industrial  cripple  should  be  considered  as  well  as  the  military  crip- 
ple, for  in  these  days  of  national  demand  for  the  greatest  possible  output 
there  should  not  be  left  idle  any  men  who  can  be  made  into  productive 
workers. 

With  thoughtful  placement  effort,  many  men  can  be  emplo}-ed  directly  on  the 
basis  of  their  past  experience.  With  the  disabled  soldiers  who  profit  by  the  train- 
ing facilities  the  government  will  provide,  the  task  should  be  even  easier. 

This,  then,  constitutes  the  charge  of  patriotic  duty  upon  the  employer : 

To  study  the  jobs  under  his  jurisdiction  to  determine  what  ones  might 
be  satisfactorily  held  by  cripples.  To  give  the  cripples  preference  for  these 
jobs.  To  consider  thoughtfully  the  applications  of  disabled  men  for  employ- 
ment, bearing  in  mind  the  importance  of  utilizing  to  as  great  an  e'xtent  as  pos- 
sible labor  which  would  otherwise  be  tmproductive.  To  do  the  returned  sol- 
dier the  honor  of  offering  him  real  employment,  rather  than  proft'ering  him 
the  ignominy  of  a  charity  job. 

If  the  employer  will  do  this,  it  w^ill  be  a  great  factor  in  making  the  com- 
plete elimination  of  the  dependent  cripple  a  real  and  inspiring  possibility. 

Douglas  C.  McMurtrie,  Director, 
Red  Cross  Institute  for  Crippled  and  Disabled  Men, 
New  York  Citv. 
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PREFACE 

I 

THE  autliors  \\(juld  call  attention  to  the  fact  that  thi->  report  has  been  pre- 
pared with  the  object  of  giving  publicity  during  the  present  year  to  the 
-alient  features  of  communicable  disease  incidence  in  the  United  States  Army 
,  during  the  past  winter.  The  statistical  data  have  been  drawn  from  the  tele- 
I  graphic  reports  sent  in  weekly  from  each  camp,  cantonment  and  army  post  or 
-tation.  These  reports  are  altered  somewhat  later  on  due  to  change  of  diagnosis 
or  some  other  cause  and  the  results  here  given  may  not  agree  in  every  detail 
with  the  more  permanent  and  complete  personal  histories  sent  in  to  the  Sick 
and  Wounded  Division  each  month..  I  )clay  in  rc'iiorting  makes  the  latter  data 
unavailable  for  current  use. 

1  x'rKdiirciiox 

The  pur])ose  of  this  report  is  to  lake  stock  of  health  matters  in  our  armies, 
'■'  study  the  data  furnished  in  weekly  telegraiiln\-  irixirts,  lo  rc\  iiAv  the  records 
jilt  sanitar\-  inspectors  and  epidemiologists,  to  ascertain  what  disease>  have  ap- 
jpeared  in  the  armies  and  the  extent  of  their  sjjre.'id,  and  to  investigate  the 
•  i\cmu-s  ilirim',li  which  these  infections  ha\e  found  tlu'ii'  way  into  the  camps. 
Ilie  mobilization  of   raw.   uiUrained   men   and   their  hurried   transformation   into 

*A    Ri])oil    from    the    Siclioii    nl    C'i)iiiimiiiic.il)K-    I  Iim  ,in.  •-,     Divisi.mi    ><i    S.iinlali.iii,    iiiiiiaic'l    uiuii-i     tlic 
iiectinn  of  t'oloiul   I  )taiu-  C.   Howard,  ami   Piililisli.il  liy    Pr:ii\is-ioii  ot   tin-  .SurKi'iui  t  u-iu-ial. 
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effective  soldiers,  has  always  been  accompanied  by  marked  increase  in  morbidity 
and  mortality.  The  assembly  of  young  men  in  camps  acts  like  a  dragnet 
bringing  to  a  central  point  all  infections  prevalent  in  the  area  from  which  these 
men  came.  The  under  the  area,  the  larger  the  numbers  of  those  brought  to- 
gether, the  greater  the  susceptibility  of  the  individuals  constituting  the  assembly, 
the  more  closely  these  individuals  are  crowded  together  and  the  more  intimate 
their  contact,  the  larger  the  number  of  bearers  of  the  infections,  the  more  virulent 
the  disease-causing  organisms  brought  into  the  camps,  the  greater  will  be  the 
morbidity  and  mortality  from  communicable  diseases.  Our  government  has 
assembled  within  less  than  one  year  more  than  one  million  untrained,  undis- 
ciplined men,  the  most  of  whom  were  quite  ignorant  of  personal  hygiene  and 
without  previous  experience  in  caring  for  themselves  under  conditions  of  army 
life.  That  the  morbidity  and  mortality  from  communicable  diseases  among 
these  should  show  an  average  above  the  figures  shown  in  the  civilian  life  from 
which  they  came,  was  to  be  expected  by  one  familiar  with  the  science  of  epidem- 
iology. 

We  have  chosen  to  cover  the  time  from  September  29,  1917,  to  March  29, 
1918,  because  the  camps  were  fairly  well  developed  on  the  first  of  these  dates 
and  the  period  covers  the  winter  months  and  our  findings  can  be  compared  with 
the  summer  months  when  there  will  be  felt  the  seasonal  influence  on  the  char- 
acter and  spread  of  infections.  Furthermore,  lessons  learned  from  these  studies 
may  give  information  which  possibly  may  be  titilized  with  great  advantage 
next  winter. 

This  report  covers  and  is  confined  to  the  time  period  mentioned  and  any 
conclusions  that  are  drawn  may  be  considered  tentative  and  founded  upon  the 
evidence  so  far  secured  and  subject  to  such  modification  as  may  be  justified 
by  additional  information. 

The  data  that  follow  deal  for  the  most  part  with  thirteen  National  Guard 
Camps  and  sixteen  National  Army  Cantonments,  which  represent  over  70  per 
cent  of  the  troops  in  this  country  during  the  period  in  question.  Records  from 
small  and  scattered  units  and  from  the  various  posts  of  the  Regular  Army  are 
omitted,  as  the  data  from  these  places  are  less  readily  subjected  to  statistical 
analysis.  All  of  these  facts  will,  of  course,  be  included  in  later  reports.  The 
data  from  four  large  guard  camps  which  were  in  existence  in  October  are 
omitted  because  the  men  were  shifted  elsewhere  shortly  afterward.  The  present 
report  deals  with  camps  which  were  in  existence  continuously  throughout  the 
six  months. 

COMPARATIVE   MORTALITY  IN   ARMV  AND  CIVIL  LIFE 

In  Studying  this  phase  of  our  problem  there  are  several  facts  which  must^ 
be  considered.     Some  of  the  more  important  of  these  are  as  follows : 

The  death  rate  in  the  Army  should  be  compared  with  that  for  the  samel 
age  period  in  civil  life.  The  comparison  should  be  made  on  the  records  fori 
the  same  time  of  the  year  and  so  far  as  possible  for  the  same  year.  Throughj 
the  courtesy  of  the  health  and  vital  statistics  departments  of  certain  cities  we  are^ 
able  to  do  this.  The  greater  number  of  enlisted  men  in  the  army  are  between 
21  and  31  years  of  age.     The  period  nearest  this  available  in  civil  statistics  i^ 
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the  age  from  20  to  29  years.     In  all  comparisons  between  military  and  civilian 
death  rates  the  following  should  be  borne  in  mind : 

(1)  The  death  rate  of  the  group  20  to  29  years  is  lower  than  that  of  the 
present  draft  age  21  to  31  years. 

(2)  The  death  rate  in  these  age  groups  is  greater  among  males  than  among 
females. 

(3)  The  army  includes  more  above  than  below  the  draft  age.     In  all  these 
respects  a  comparison  is  slightly  to  the  disadvantage  of  the  army. 

The  figures   for  this  comparison  are  expressed  as  annual   rates  calculated 
on  actual  deaths  occurring  during  the  period. 

Table  1 
annual  de.\th  rate  per  1000 
(Age  20  to  29  Years,  Time,  Oct.,  Nov.,  Dec,  1917;  Jan.,  Feb.,  Mar.,   1918.) 


PI-XCE  DEATH    R.\TE 


.Army  9.1 

New  York  City  5.5 

Saint  Louis  5.5 

New  Orleans  10.4 

Pittsburg  6.2 

Chicago  5.2 


To  obtain  this  information.  rLfiuests  were  sent  the  Commissioners  of  Health  of  all  states  and  a  number 
of  cities  within  the  Registration  Area.  It  is  on  the  replies  received  that  the  civi'  statistics  of  the  past 
winter  are  based.  There  are  instances  of  wide  variation  in  the  rates  of  certain  diseases.  The  accuracy 
of  some  of  these  may  be  questioned.  Errors  may  have  been  caused  bv  improper  reporting  or  else  by  er- 
roneous population  figures  used  in  the  computation  of  rates.  Populations  have  been  estimated  in  the 
customary  manner  followed  by  the  Census  Bureau  which  assumes  increases  in  arithmetical  progression. 
This  is  open  to  error  because  the  present  is  the  eighth  year  since  the  last  census  of  1910,  and  we  do 
'   't  know  that  populations  in  all  cases  have  increased  in  this  manner. 

It  is  seen  from  these  figures  that  the  average  death  rate  for  the  whole  army 
i.^  higher  than  that  of  any  city  in  the  list  with  the  exception  of  New  Orleans. 

The  distribution  of  death  rates  by  age  groups  in  the  Registration  Area  of 
jthe  United  States  during  the  winter  months  of  1915,  is  shown  by  the  census  of 
'that  year  in  Table  2,  in  comparison  with  the  army  rate  during  corresponding 
months  of  1917-1918. 

T.\BLE    2 


PLACE 

DE.ATH    R.\TE    PER    1000 

Army 

9.1 

U.  S.  Registration  .\rea  : 

All  ages 

14.0 

Age  20  to  49 

8.0 

Age  20  to  39 

0.8 

Age  20  to  29 

5.7 

The  Registration  Area  in  191. i  included  2.'>  states,  the  District  of  C"olunibia,  aiui  41  cities  in  non- 
Kistration  states.  Included  among  the  registration  states  is  North  Carolina,  the  returns  from  which 
late  only  to  municipalities  having  1 1)1)0  or  more  inhabitants  in  li)l().  The  states  and  cities  making  up 
IIS  area  are  tliose  for  which  the  registration  of  deatJis  has  been  accepted  as  being  appro.\imateIy  com- 
'te  (at  least  90  per  cent  of  all  deaths  being  registered)  and  which  were  admitted  to  the  Registra- 
•M  Area  only  after  it  was  known  from  the  data  at  hand  that  the  deaths  were  being  recordeil  i>roperly 
Icr  State   law   or   for  cities,   under   nuuiici]ial   ordinance. 

These  figures  show  that  while  the  older  age  groups  iiavc  the  higiier  rales, 
11  below  49  are  lower  than  the  .Vrniy.  It  must  I)e  boriu-  in  mind,  however,  that 
lie  Registration  Area  covers  a  wide  diversity  in  (lciisit\-  nf  popul.itioii,  while 
jfie  closeness  of  contact  in  the  f.-imps  is  greater  and  more  cdiitimiDiis  tliaii  that 
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DEATHS     FROM     ALL    CAUSES 
IN    ARMY     CAMPS 


NATIONAL 
GUARD 


BOWIE 


WHEELER 


BEAUREGARD 


SEVIER 


CODY 
DONIPHAN 


PIKE 


NATIONAL 
ARMY 


KEARNY 


SHELBY 


HANCOCK        5HERIDAN 
M«CLELLAN     WAOSWORTH 
LOGAN 


JACKSON 


FUNSTON 
TRAVIS 


le:e: 

DODGE     TAYLOR 
GORDON 

SHERMAN   UPTON  CUSTER 
LEWIS  MEADE  GRANT  DEVENl 
DIX 


ANNUAL    DEATH   RATE   PER     /OOO 
SEFT  Z9J9/7     TO     MAR.  29,  /9/S 


Chart  I. 
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of  the  most  crowded  city.  Furthermore,  the  Registration  Area  does  not  include 
the  States  of  South  Carolina,  Georgia,  Florida,  Tennessee,  Alabama,  ^lississippi, 
Louisiana,  Oklahoma  and  Texas,  where  death  rates  are  higher.  As  will  be  seen 
in  Table  3,  which  gives  the  rates  for  each  camp,  there  are  13  camps  out  of 
29  with  rates  below  tlie  rate  for  age  group  20  to  29  in  the  Registration  Area. 
It  may  be  pointed  out  also  that  while  some  deaths  may  escape  report  in  civil 
life,  all  in  the  camps  are  reported. 

It  is  a  striking  fact  that  the  death  rates  in  the  different  camps  show  wide 
variation  as  is  indicated  in  Table  3. 

Table  3 

(See  Chart  I) 

Annual  Death  Rate  per  1000 


national 

GUARD 

NATIONAL   ARMY 

Wheeler 

28.3 

Pike 

30.7 

Beauregard 

25.4 

Jackson 

I9.y 

Bowie 

23.1 

Fun.ston 

16.3 

Sevier 

15.5 

Travis 

15.3 

Cody 

12.7 

Lee 

10.8 

Doniphan 

11.9 

Dodge 

9.1 

Shelby 

8.6 

Taylor 

9.0 

Kearny- 

8.1 

Gordon 

7.8 

Sheridan 

2.S 

Sherman 

5.4 

Hancock 

2.6 

Upton 

5.3 

Wadsworth 

2.5 

Custer 

5.1 

McCleilan 

2.4 

Lewis 

4.1 

Logan 

2.3 

Meade 
Grant 
Devens 
Dix 

3.9 
3.8 
3.7 
2.9 

It  will  be  seen  by  comparing  Table  3  with  Table  1  that  five  National  Guard 
camps  (Sheridan,  Hancock,  Wadsworth,  McCleilan  and  Logan)  have  shown 
lower  death  rates  than  New  York  City,  St.  Louis,  New  Orleans,  Pittsburg  and 
Chicago  for  the  age  group  20  to  29  years.  Two  more  National  Guard  camps 
(Shelby  and  Kearney)  show  lower  death  rates  than  New  Orleans  for  this  age 
group.  Six  National  Army  camps  (Cu.ster,  Lewis,  Meade,  Grant,  Devens  and 
Dix)  show  lower  death  rates  than  any  of  the  above  mentioned  cities.  Two  other 
National  Army  camps  (Sherman  and  C])ton  )  arc  alitiut  on  a  level  with  New 
York,  St.  Louis  and  Chicago,  and  below  Pittsburgh  and  New  (  )rlcans.  'IMirce 
more  National  Army  cam])s  (Dodge,  Taylor  and  Gordon)  arc  bclnw  W-w 
Orleans.  These  facts  demonstrate  that  camp  life  may  be  made  as  sate  as  that 
of  some  of  our  best  health-guarded  cities,  and  indeed  may  show  a  lowe^r  dcatli 
rate  in  the  corresponding  age  grou]).  It  is  worthy  of  note  that  Cam]>s  W  a(l>- 
worth  and  Ujiton,  botli  made  uj)  largclx  (»f  .\'e\\  N'ork  ti-oops,  (.-oniiiarc  faxorabl) 
with  New  York  City;  that  Hancock,  composed  of  ibr  I  \nnsyi\  ania  .\ationaI 
'".uard.  is  better  than  Pittsburgh;  that  Logan,  occupitd  by  \\w  National  Guard  of 
Illinois,  is  better  than  Chicago;  that  |)oinphan.  occupii'd  by  the  .Missouri  Xa- 
iional  Guard,  is  worse  than  Si.  Louis;  and  that  lieauregard,  the  location  ol  the 
National  Guards  of  Louisiana.  Mississi])pi  and  .Arkansas,  is  tar  worse  than  New 
'  *rle;ins.  Cb.art  II  is  presented  to  show  conip.ai-.ilix  e  death  r.ites  in  ci\il  liti'  .and 
Xation.al   C.uard  .and    .Xation.al    Anny  C'anips. 

In  Table  4  .are  given  the  site  of  the  camps  .and  States  which  furnished  troops 
' '  each  camp. 
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The  question  of  the  wide  variations  in  the  death  rates  in  the  different  camps 
is  a  difficult  one  to  answer.  There  are  evidently  many  factors  involved,  some 
of  which  will  be  briefly  discussed. 

(1)  Some  of  the  camps  have  acted  as  filters  through  which  many  troops 
have  passed,  leaving  their  most  unfit  on  the  filter.  To  figure  the  average  strength 
of  these  camps  as  a  basis  for  the  computation  of  their  death  rate  is  hardly  fair. 
but  we  know  of  no  other  way  to  do  this.  It  is  a  striking  thing  that  the  worst 
camps  as  measured  by  their  death  rates  are  bad  when  measured  by  sick  ad- 
missions, noneffective  rate,  and  prevalence  of  each  of  the  most  important  com- 
municable diseases,  including"  venereal  disease,  the  last  of  which  certainlv  is  net 

COMPARATIVE    MORTALITY    IN  CAMP  AND    CIVIL  LIFE 

C/V/L  LITE  REPRLSENTEP    BY  AGE  GROUP   20-29    YEARS 

ANNUAL      DEATH    RATE    P£/f  /OOO 
6  MOS.  P£ft/O0     S£PT  ^9,/7  TO  A^A/tZ9./ff 


UPTON 

S.3 

WAD5W0RTH 
z.s 


PJTTSBUR6H 

62 

MEAPE 

3.9 


FUNSTON 

/6  3 

DON/PHAN 

113 


NEW  OffUANS 

W  4 

PIKE 

30  7 

BEAUREGARD 

254 


<^M^:^M^%^%^^^^;%^^<^^ 


7/7^ 


A/on      THC    ABOV£    CAMPi     CONTAIN     MSN      ReC/TUITirP     F/fOM     THi    GCNfftAL      VICINITY     OF  THE   CITY     WITH\ 
WHICH     THCy    ARC     COMPARSP  THl    UPPCR    CAMPS  AP£    NATIONAL    ARMY     THl    LOWER    NATIONAL    6UAPD 

Chart    II. 


influenced  by  weather,  housing,  clothing,  camp  sanitation,  medical  or  healthl 
supervision  of  the  camp.  This  is  graphically  shown  by  Chart  III.  In  a  general! 
way  it  can  be  stated  that  those  camps  which  may  be  designated  as  closed  campsj 
and  which  have  been  least  employed  as  filters  are  the  healthiest  camps.  However,j 
there  are  exceptions  to  this. 

These  filter  camps  may  suffer  so  far  as  morbidity  and  mortality  rates  are 
concerned  in  two  ways.  First,  the  camps  from  which  troops  have  come  may| 
have  selected  the  least  desirable  men  for  transfer.  There  are  reasons  for  sus-j 
pecting  that  this  has  been  done.  In  this  way  the  filter  camp  sufi^ers  on  accounl| 
of  the  inferiority  of  the  material  received.  In  the  second  place  when  the  troops 
pass  on  to  another  camp  many  of  the  unfit  may  be  left  behind.  Funston  and  Pike 
have  been  notable  filter  camps  as  thus  explained. 

Wadsworth  may  be  taken  as  an  example  of  a  closed  camp.     Practically  nc 
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Table  4 

Location  of  National  Guard  and  National  Army  Camps,   Together  With  the  STATE^ 

From  Which  Men  Are  Drawn 

October,  1917,  to  March,  1918 

NATIONAL  GUARD 


source  of  troops 


Beauregard  Alexandria,  La. 

Bowie  Ft.  Worth,  Tex. 

Codv  Deming,  N.  M. 

Doniphan  Ft.  Sill,  Okla. 


Hancock 


Aiigu?ta,  Ga. 


Arkansas,  Louisiana,  Alississippi 

Oklahoma,  Te.xas 

Iowa,  Minnesota,  Nebraska,  South  Dakota 

Kansas,  Missouri 

Pennsylvania 


Kearny 

Logan 

McClellan 

Sevier 

Shelby 

Sheridan 

Wadsworth 

Wheeler 


Linda  Vista,  Cal. 
Houston,  Tex. 
Anniston,  Ala. 

Greenville.  S.  C. 
Hattiesburg,  Miss. 
Montgomery,  Ala. 
Spartanburg,  S.  C. 
Macon,  Ga. 


Arizona,  California,  Colorado,  New  Mexico,  Utah 

Illinois 

Delaware,  District  of  Columbia,  Maryland,  New 

jersey,  Virginia 
North  Carolina,  South  Carolina,  Tennessee 
Indiana,  Kentucky,  West  Virginia 
Ohio 

New  York 
Alabama,  Florida,  Georgia 


NATIONAL  ARMY 


Custer  Battle  Creek,  Mich. 

Devens  Ayer,  Mass. 

Dix  Wrightstown,   N.  J. 

Dodge  Des  Moines.  Iowa 

Funston  Ft.  Rilej-,  Kan. 


Michigan,  Wisconsin 

Maine,   New   Hampshire,   Vermont,   Massachusetts, 

Rhode  Island,  Connecticut,  New  York 
Delaware,  New  Jersey,  New  York 
Illinois,  Iowa,  Minnesota,  North  Dakota 
Arizona,  Colorado,  Kansas,  Missouri,  Nebraska, 

New  Mexico,  South  Dakota 


*Gordon  Atlanta,  Ga. 

Grant  Rockford,   111. 

Jackson  Columbia,  S.  C. 

Lee  Petersburg,  Va. 

Lewis  American  Lake,  Wash. 


Alabama,  Georgia.  Tennessee 
Illinois,  Wisconsin 

Florida,  North  Carolina,  South  Carolina 
Pennsylvania,  Virginia,   West  Virginia 
Alaska,  California,  Idaho,  Montana,  Nevada, 
Oregon,  LUah,  A\'ashinston.  Wvoming 


Meade,  Annapolis  Junction,  Md. 

Pike  Little  Rock,  Ark. 

Sherman  Chillicothe,  Ohio 

Taylor  Louisville,  Ky. 

Travis  Ft.  Sam  Houston,  Tex. 

I'pton  Yaphank,  L.  I.,  N.  Y. 


District  of  Columbia,  Maryland,  Pennsylvania 

Alabama,  Arkansas.  Louisiana,  Mississippi 

Ohio 

Illinois,  Indiana,  Kentucky 

Oklahoma,  Texas 

New  York 


Note:     The  States  indicated  represent  the  chief  source  of  troops  at  each  place.     There  are  small  incre- 
ints  from  other  points  in  a  number  of  camps. 

*This  canin   was   occupied   by   the   troons   indicated   less   than    two   months,   when   these  troops   were   sent 
'o  Wheeler  and  replaced  at  Gordon  by  draft  men  from  many  states. 

jnevv  troops  reached  thi.s  camp  during  the  period  covered  by  this  report.     Tii  fact 

the  first  accessions  came  in  March  and  consisted  of  1500  select  men  from  Camp 
I  Taylor.     These  men  had  Ijeen   in  service  Init  a   short  time  and  were   from  the 

mountains   of    Kentucky    and    Tennessee.      They    came    with    and   continued    to 
'develop  pneumonia,  meningitis  and  minor  diseases  and  soon  had  a  nonellective 

rate  of  7^)  per   1000  as  compared   with  24   for   the   _Vtli    Division.      I'.efore  this 
jaccession  the  27th   Division  consisted  wholly  of  the  .\ew   \\n\   .\ational  (iuard 

land  the  men  came  from  the  larger  cities  of  that  .'^tate  with  hut   few  from  rural 

'oniinunities. 

It  is  a   fre(|uent   observation   in   the   reports  of   the   healtli   of   org;mizations 

'bat  all  accessions   of  unseasoned   men   are    folloui'd   by   ;i    rise   in   the   morbidity 

curve  of   "all   diseases,"   and   especially   of   the  acute    ropiratory   diseases.*      On 

•Througliont   this   paper   we   use   the    wdids    "nspir.itiJiy   diseases,"'    in    r(  fen  inn    I"   tlmvi'    diseases   trans- 
"itted  through  the  respiratory  organs. 
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COMPARATIVE.     AfORTALITY  AAffP  /iORBfP/TY  AT  fiAT/O/^AL   aUARP  A/iO 
/^Ar/0AfAL   ARMY   CAMPS  FOR  6/iO/ir//3   PSR/OP  S£f>7: 29,^/7 -MAR. 29,'/a. 


3  J?eatAj  from  Ti 

4  CleatAs  f''i>'n  /^M^^''^'^ 


7  /^en/ng/t/j 


//  }/e/ierea/  ff/sease. 


11111 

I        /pyyyy         I  I     tV//££l£R\  \    3£AU^£(iMD\  \        ffOtV/£        \  \     JAC/(JC>/y      \ 

■  ■nil 

^^iw^ro^y\        I     s£i^/£^?\        I     rRAVJ5^\        \      ^oi?y 


III    ^ll^     Jim     mi     III 

I      ZAF        I        I      poi?a£     \        I     TAY/o/?     I        I     s//£/3Y     \        \    go/epo^/    I 


I 

aM  Mill 

I      K£ARffy      I  I      5//£/?/^A^ 


uP7o/y 


m 

££H^/J        I 


P£V£/V5 


AtcClfllAtf 


Chart  III. 
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the  other  hand  it  seems  true  that  variations  in  the  morbidity  curve  are  less 
apparent  in  the  more  stable  organizations.  Furthermore,  it  is  frequently  stated 
that  the  type  of  an  existing-  disease  changes  simultaneously  with  the  accession. 
Lobar  pneumonia  was  the  prevalent  form  of  this  disease  at  Grant  until  troops 
from  Jefferson  Barracks  arrived,  after  which  bronchopneumonia  with  strepto- 
coccus infection  became  the  predominant  type.  Fatigue  from  a  long  journey 
by  rail  may  have  some  effect  in  lowering  resistance,  though  possiblv  overcrowd- 
ing in  trains  may  be  a  greater  factor. 

(2)  We  have  tried  to  ascertain  the  influence  of  race,  nationality,  section 
of  the  country  from  which  the  troops  have  come  and  other  similar  circumstances 
on  the  morbidity  and  mortality  of  the  several  camps,  but  the  data  that  we 
have  obtained  on  these  points  do  not  justify  us  in  speaking  other  than  tentatively 
concerning  these  matters.  However,  the  following  points  seem  to  be  fairly 
clear.  Under  similar  conditions  the  negro  is  more  susceptible  to  the  acute  re- 
spiratory diseases  than  the  northern  white  man.  The  death  rate  from  pn  :umonia 
among  the  negro  troops  at  camp  Dodge  has  been  to  that  from  the  same  disease 
among  the  whites  as  4.4  is  to  1.  It  will  be  interesting  to  note  whether  this  holds 
true  during  the  warmer  months.  Southern  whites  are  more  susceptible  to  this 
disease  than  are  northern  whites.  These  observations  are  in  accord  with  those 
of  other  observers  both  in  this  country  and  abroad.  The  elder  Flint,  who  prac- 
ticed medicine  both  in  the  Xortli  and  in  the  South,  made  statements  to  this 
eft'ect  many  years  ago.  The  French  have  found  their  African  troops  especially 
susceptible  to  pneumonia  and  have  been  compelled  to  provide  warmer  quarters 
and  heavier  clothing  for  them  in  the  winter  than  are  necessary  for  the  native 
French  soldier.  General  Gorgas  had  abundant  opportunity  to  study  pneumonia 
on  the  Canal  Zone  and  in  South  Africa,  and  before  the  assembly  of  our  troops 
began  he  predicted  that  the  acute  respiratory  diseases  and  especially  pneumonia 
would  be  among  the  most  prevalent  diseases. 

It  is  an  opinion  generallv  held  by  medical  officers  in  southern  cami)s  that 
hookworm  disease  and  chronic  malarial  infection  increase  susceptibility  to  the 
acute  respiratory  diseases.  The  information  we  have  on  these  points  is  not  as 
full  as  desirable.  There  has  l^een  a  careful  examination  of  the  feces  of  the  36th 
Division  at  Howie,  with  the  following  results : 

Total    strengtli  25.224 

Xumlicr  examined  23,659 

Positive  hookwormn  2,921  =  12.3% 

Tapeworm  480=^  2    % 

Miscellaneous  parasites  24 

(3)  There  is  no  reason  for  believing  that  either  morjjidity  or  mortality  in 
any  cam])  has  been  due  to  faulty  sanitation,  as  we  usually  understrmd  this  term. 
All  the  camps  are  ke])t  clean,  liave  uti(|ucsti()ned  water  supplies,  satisfactory 
s;arbage  and  sewage  removal,  etc. 

1"he   unsanitarv  camj)  of    1808.  as   seen   as   (  hicUainanga.   and    in   olh.^r  en- 

;impnK'nts  of  that   time,  does  not   exist   in   the    I 'niled   States   today.       There   un- 

uhtedly   has    been    some    fauUy    handling    of    tlie    communicable    diseas.-s.       In 

rlain  camps  sick  men  have  been  allowed  to  remain  in  ([uarti-rs  too  long  for  their 

wn  good  and   for  the  jtrotection  of  their  conn'adcs  from  inlection.      i'here  iiave 

cen    mistakes    in    (hagiutsis    wiiich    ha\e    favorc(l    the    spread    ot    inlection.      In 


644 


THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 


some  camps  there  has  been  no  attempt  to  distinguish  between  the  two  diseases 
known  under  the  name  of  measles  and  these  have  been  mingled  in  the  hospitals 
with  the  result  that  the  patient  has  had  both  diseases  before  he  was  through. 
The  differential  diagnosis  between  measles  and  scarlet  fever  has  not  always  been 
correct  and  there  has  been  some  mixing  of  patients  in  wards  devoted  to  these 
diseases.  Such  mistakes  occur  in  private  practice,  probably  with  greater  fre- 
quency, but  the  consequences  are  not  so  serious  as  they  are  in  the  large  and 
crowded  army  hospitals. 

DEATHS        FROM         RESPIRATORY        DISEASE 


IN      CIVILIAN      AND      ARMY       LIFE 

/NCLUDED  IN  RESPIRATORY   SROUP  -    PNEUMONIA,  MENINGITIS ,  MEASLES,   SCARLET 
rEVER ,  DIPHTHERIA,  TUBERCULOSIS 


CIVILIAN    LIFE 

U.S.  REGISTRATION     AREA     6  WINTER  ^fOS  1915. 
AGE    20    TO  29    YEARS    /NCL 

Chart    IV. 


ALL  TROOPS    IN    U.S. 

6  MOX    SEPT  29,  1917   TO  MAR  29, 1918. 


COMPARATIVE  DEATH  RATES  IN   NATIONAL  GL'ARD  AND  NATIONAL  ARMY 

This  comparison  can  not  be  made  in  a  satisfactory  manner,  because  the  two 
services  have  been  mixed.  The  National  Guard  has  been  in  tents  and  the 
Army  for  the  most  part  in  barracks,  but  in  some  of  the  National  Guard  camps  I 
quite  half  the  troops  have  been  select  or  drafted  men.  The  comparison  is,  there- 
fore, largely  between  tent  and  barrack  camps.  The  additions  made  to  the 
Regular  Army  have  been  in  tents.  A\'ith  this  understanding  the  death  rates] 
in  the  three  organizations  are  as  follows : 

(annual  rate  per  1000) 

National  Army  9.6 

National  Guard  9.5 

Regular  Army  7.8 

Comparing  the  National  Army  and  the  Guard,  it  will  appear  that  the  deathj 
rates  have  been  practically  the  same  among  soldiers  in  tents  and  those  in  bar- 
racks.   The  lower  death  rate  in  the  new  additions  to  the  Regular  Army  is  believedl 
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to  be  due  to  the  fact  that  the  average  age  of  the  men  is  greater  than  in  the  other 
organizations,  and  it  is  furthermore  probable  that  many  of  these  men  have  had 
previous  service  in  the  Regular  Army.  Some  figures  have  been  secured  at 
Wheeler  which  point  most  consistently  to  the  conclus'on  that  men  with  previous 
military  training  show  less  sick  than  new  men. 

W'e  might  make  comparison  between  the  National  Guards  of  certain  States 
and  the  National  Armv  from  the  same  States.    This  is  done  in  Table  5. 


T.\3Ln:  5 

COMP.\RISOX   OF   DISE.\SF.    INCIDEXCE    .\MONG   GUARDSMEN'    AXD    N.VnoX.XL    ARMV    TROOPS    FROM 

SIMILAR   DISTRICTS 


.^XXU.^L  R.\TE  PER    1000 

CAMP   AXD    HO:\IE   STATE  OF  TROOPS 

Xew  \ 

ork 

Ohio 

Illinois 

N.  G. 

A.    A. 

X.  G. 

X.  A. 

A.    G. 

X.  A. 

W'adsworth 

Upton 

Sheridan 

Sherman 

Logan 

Grant 

Deaths,  All  Causes 

2.5 

5.3 

2.8 

5.4 

2.3 

3.8 

MorbiJitv 

Pneumonia 

9.1 

15.0 

9.3 

15 

16 

14 

Meningitis 

.8 

.5 

1 

1.7 

.7 

1.3 

Measles 

7.9 

6.3 

41 

65 

51 

58 

Scarlet   fever 

.S 

1.5 

1.8 

17.3 

1 

12.3 

Venereal   disease 

77.6 

57.2 

14 

67 

132 

36.4 

*Admiasioa.   nil   causes 

14.9 

16.0 

59.8 

28 

24.3 

17.1 

'Average  \\'eekly  Admission  Rate. 

It  will  be  seen  from  these  figures  that  the  death  rate  in  the  X'ational  Army 
has,  in  each  case,  been  higher  than  in  the  National  Guard,  This  is  probably  due 
to  the  fact  that  the  National  Guard  contained  more  seasoned  troops  than  the 
National  Army,  The  National  Guard  Divisions  represented  in  this  table  were 
all  on  the  [Mexican  border  in  1916.  but  were  to  a  variable  extent  recruited  before 
being  assembled  in  1917. 


CAUSES   OF   DEATH    IX    THE   ARMV 

The  diseases  which  have  been  responsible  for  the  greatest  number  of  deaths 
in  the  army  during  the  period  covered  by  this  report  are  the  acute  respiratory 
diseases.  These  may  be  named  in  the  order  in  which  they  have  caused  deaths, 
as  follows  :  pneumonia,  meningitis,  measles,  scarlet  fever  and  diphtheria.  With 
the  addition  of  tuberculosis  these  have  caused  seventy-seven  (77)  per  cent  of  all 
deaths.     Sixteen   (16)   per  cent  of  deaths  ha\e  been  due  to  olbcr  (liscase>,  and 

Table  6 

(See  Cliart  \') 

Causfs  Or  Death  in  the  Army  (All  Troops  ix  the  U.  S,)  Si.\  Winter  Months 


CAUSE 


PER  CENT  OF  TOTAL   DEATHS 


Pneumonia 

Other  diseases  than  here  mentioned 

Meningitis   (all  kinds) 

Is-xternal  causes 

Tuberculosis 

Measles 

Scarlet   fever 

Diphtheria 

Typhoid  fever 


61.5 

15.3 
12.(1 
7.1 
17 
1.1 
.75 
.40 
.14 


646 


THE     lUURXAI.    OF    I,.'\BOR..\TOKY    AND    CLINICAL    ^JEDIC^^■E 


.seven  (7)  per  cent  due  to  caiLses  other  than  disease,  such  as  mechanical  injuries. 
(See  Chart  IV.) 

The  per  cent  of  total  deatlis  due  to  each  of  the  more  important  causes 
are  shown  in  Table  6. 

The  acute  respiratory  diseases  have  caused  an  excessive  death  rate  in  the 
armv  compared  with  that  due  to  the  same  causes  in  civil  life.  For  the  age  group 
from  20  to  29  years,  in  the  registration  area  in  the  United  States  for  the  five 
vears.  1911  to  1915,  deaths  from  the  respiratory  diseases,  including  tuberculosis, 
amounted  to  forty-three  (43)  per  cent  of  total  deaths. 

T.\BI.E    7 

Annual  Death  Rate  per  100.000 


PNEUMONL-^, 
ALL  FORMS 

MENIN- 
GITIS 

MEASLES 
9.4 

0.5 
0.3 
2.1 

SCARLET 
FEVER 

DIPH- 
THERIA 

TUEERCULOSiS 
ALL  FORMS 

Army 

I'.  S.  Reg.,  Area 

.Massachusetts 

Virginia 

559 
46 
41 

111 

109 

2.4 
2.3 
9.1 

6.9 
1.1 
1.7 
0.5 

4.2 

1.8 

1.4 
1.1 

15.3 

197 
177 
602 

Notk:      The  dtaths  for  civilian  life  are  computed  for  winter  months   of   191-"). 

CAUSES      or     DEATH       AMONG 
ALL    TROOPS.       U.S.  ARMY. 


"  1 ' '' 1 

PNEUMONIA  ^^^^^^H^^^H^HH||^^^^^^HH| 

MEW/NG/TI5     |HH|HH|| 

CAUSES   OTHER^^^^ 
T»AN   D/5EA5E   ^^^H 

TUBERCUIOS/S  ■ 
/.7%             ■ 

MEASLES      1 

SCARLET  FEVER  \ 

ys-/.       1 

O/PHTHERIA 
^6% 

TYPHO/D   AND 
PAffAT/FHO/P  E£VEff 

6    WfNTER    MOS.     SEPT  2 9, 19/7      TO    MAR.  29,19/6. 


Chart   V. 
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Pneumonia  has  caused  by  far  the  greatest  number  of  deaths  in  the  army, 
and  has  been  responsible  for  about  eighty  (80)  per  cent  of  total  deaths  caused 
by  all  the  respiratory  diseases.  Comparative  figures  for  army  and  civil  life  ( for 
the  age  period  20  to  29  years)  for  deaths  due  to  respiratory  diseases  are  given 
in  Table  7. 

This  table  indicates  that  each  respiratory  disease,  except  tuberculosis,  has 
caused  an  excessive  fatality  in  army  life.  Assuming  the  conditions  in  the  reg- 
istration area  for  1915  to  be  fairly  representative  of  other  years,  we  may  express, 
the  relative  fatality  between  civilian  and  army  life  during  the  six  winter  months 
as  follows : 

Pneumonia  is       12  times  greater  in  the  Army. 
Meningitis  is       45       "  "  "      " 

Aleasles  is  19       "  "  "      '* 

Scarlet   fever   is  6       "  "  "      "         " 

Diphtheria  is         2      "  "  "      " 

Tulierculosis  is    13       "  "  "    Civil   Life. 

It  is  evident  that  the  low  tuberculosis  death  rate  in  the  armv  is  due  to  the 
elimination  of  those  with  active  forms  of  this  disease.  h\trthermore,  it  is  prob- 
able that  most  of  the  deaths  from  tuberculosis  in  the  armv  have  been  due  to 
the  activation  of  inactive  foci  by  acute  respiratory  diseases. 

It  is  known  that  the  winter  covered  by  this  report  in  the  region  east  of 
the  Rocky  Mountains  has  been  one  of  unusual  severity  and  we  might  think 
that  this  has  been  partially  responsible  for  the  excessive  rates  in  the  army  camps. 
A  perusal  of  the  figures,  however,  does  not  justify  this  speculation.  For  in- 
stance, in  the  following  table  there  are  given  the  death  rates  for  pneumonia  and 
meningitis  during  the  past  winter  from  those  States  from  which  we  have  been 
able  to  secure  data. 

T.\B1,E   8 

Anxual  Death  Kates  i'er  100,000  During  Six  Wi.ntek  Months 
(1915,  January.  February.   .March,  October,   November.    December) 

ALL    AGES 

(Instances  in  Black  Faced  Type  Where  Disease  During  the  Past  Winter  E.Nceeded  That  in  1915) 


l'L.\CE 


Vermont 
Massachusetts 
Rhode  Island 
'onnecticul 
New  \'ork  City 
ndiana 
ichigan 
sconsin 
nesota 
nsas 
lorado 
iontana 
irginia 
entucky 


PXEr.MONIA 

MENINGITIS 

1015 

1917-18 

1915 

1917-18 

133 

102* 

6.1 

.0* 

199 

104* 

7.9 

4.2* 

202 

183 

6.6 

().3 

190 

220 

10.3 

3  8 

227 

265 

4.7 

4.3 

161 

14S 

7.4 

11.0 

134 

152 

9.7 

9.6 

142 

120 

6.8 

11.4 

122 

S(, 

6.0 

I : 

133 

143* 

4.1 

17.3^ 

21H 

185 

9.2 

12.4 

171 

199 

5.8 

20.0 

Id] 

1.58* 

li.O 

15.7^ 

141 

169 

13.5 

22.0 

.       •Note:      Vermont — Oct..   Nov.,   Die.   onlv. 
\nvsetts—Oc\..   Nov..    Dec,    I:in..    I'lb.   onlv. 


Virginia— Oct.,   Nov.',    Due.  Jan.   only.     Kniisax  ■•iiul    .\/(i.« 


Contrasted  with  tlie  figures  for  tin-  ]i;ist  winter  are  the  rates  for  l''l.^.  It 
fm  be  seen  that  wliilc  tlie  rates  h.ixc  been  e\ix'ssi\e  in  some  States  it  is  1)\-  no 
leans  eomnmn  to  all   ."^tatcs.     Thu^^  ihi'  iinciiinniii.i   rates  (hiring  the  past   winter 
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have  been  higher  than  they  were  three  years  ago  in  Connecticut,  New  York 
City.  Michigan,  Kansas.  Montana  and  Kentucky.  Pneumonia  rates  have  been 
lower  this  year  than  1915  in  \'erniont,  Massachusetts.  Rhode  Island,  Indiana. 
Wisconsin,  ^Minnesota.  Colorado  and  Virginia.  Of  the  fourteen  places  mentioned 
seven  have  had  higher  meningitis  rates  in  the  past  winter,  whereas  the  other  seven 
have  had  lower.  It  is  not  evident  therefore  that  the  severity  of  the  past  winter 
has  produced  a  bad  effect  on  the  pneumonia  and  meningitis  incidence. 

SICKNESS   IN   THE  ARMY 

\\'hile  both  pneumonia  and  meningitis  have  exacted  the  greatest  toll  ii; 
life,  they  have  not  been  as  important  a  factor  in  incapacitating  troops  as  some 
other  causes.     Measles  is  a  large  factor  in  this  connection.     The  annual  mor- 

CAUSES  OF  ADMISSION  TO  HOSPITAL  AND  QUARTERS 

23    NATIONAL     GUARD     AND    NATIONAL      ARMY  CAMPS 
G  M0A/TH5     PERIOD.     SEPT 29. 1917    TO  AfAR.29l9/S 


MEASLES 
73% 

■■ 

y£N£ff£AL.       Lh^h 

D/SEASC     ^^^H 

567.         ^^^ 

C*USCS  OTHER     L^^B 

THAN  DISEASE   ^^^B 

46'7.           ^^" 

PNCUMONIA   ■ 

/e7.      fk 

SCAffLCT       1 

revcR 

.427.       ' 

M£f^/I^GIT/S 
.2/% 

MALARIA 

.ia% 

r£V£R 
0/9% 

J 

Chart  VI. 
1-,^      -f^^     .-.-.^^  c-1qc-      f/-.»-     lU      ft-/->/~.i-vc      in      flnic      <^niinfr\'     rlnrinor     V\nf^      ci-V'     mnntVl<; 

period  was  105.  per  thousand.  The  rate  for  pneumonia  was  24.2,  that  forj 
meningitis  4.1.  Pneumonia  and  meningitis  are  the  more  fatal  diseases  an 
therefore,  although  fewer  cases  occur,  the  number  of  deaths  is  great.  Th 
fatality  rate,  or  case  mortality  rate,  for  all  troops  during  the  six  months'  perio 
has  been  23  per  cent  for  pneumonia,  17  per  cent  for  meningitis  and  0.1  per  cen 
for  measles. 

^lost  numerous  as  causes  of  sickness  are  those  less  fatal  ailments  such  as 
colds,  influenza,  bronchitis,  and  mumps.  ()f  the  total  cases  admitted  to  hos 
pital  or  quarters,  relatively  few  are  caused  by  the  more  serious  ailments.  Taking 
the  National  Guard  and  the  National  Army  camps  by  themselves,  we  find  tha' 
95.2   per  cent   of   admissions   for  sickness  are   due   to   disease  of   one   form  o 
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anotl'fer.  Of  the  more  serious  infectious  diseases  measles  stands  foremost, 
followed  by  venereal  diseases.  The  relative  incidence  of  the  different  diseases 
is  shown  in  Table  9. 

Table  9 

National  Guard  and  National  Army  Camps 

Six  Months'  Period,  September  29,  1917,  to  March  29,  1918 

Cause  of  Admission  to  Hospital  or  Ql'arters 

Causes  other  than  disease^  4.8% 

Measles  1.3 

Venereal  disease  5.8 

Pneumonia  1.8 

Scarlet  fever  .42 

Meningitis  .21 

Malaria  .18 

Typhoid  and  paratyphoid  .019 

Diseases  other  than  the  above-  79.5 

Total  diseases  95.2% 

*(1)      Under   this   heading   are   included   injuries,    sunstroke,    sprained   ankles,   gunshot   wounds,    etc. 
(2)      This  large  group  includes  the  minor  and  the  rare  diseases  such  as  colds,  la  grippe,  mumps,  whoop- 
ing cough,  bronchitis,  influenza,  pharyngitis,  laryngitis,  tonsillitis,  chickenpox,  smallpox,  anthrax,  tetanus,  etc. 

The  relative  incidence  of  these  various  diseases  in  the  dift'erent  army  groups 
is  shown  in  the  following  table,  where  the  morbidity  from  each  cause  has  been 
expressed  as  an  annual  rate  per  1000. 

Table  10 

Annual  }»Iorbiditv  Rate  per  1000 

Six  Months'  Period,  September  29,  1917,  to  March  29,  1918 


measles 

VENEREAL 
DISEASE 
112 
ISA 

103 

PNEUMONIA 

SCARLET 
FEVER 

MENINGITIS 

m.-vl.aria 

TYPHOID  AND 
PARATYPHOID 

Regular  Army 
Xational  Guard 
-Vational  Army 

57 
132 
100 

17.6 

31.8 
25.2 

9.9 

3.0 
9.4 

1.9 

2.8 
3.6 

1.3 

3.6 
2.1 

.14 
.24 

Xote:     Data  i 

rom  13  Nat 

ional  Guard 

and  16  Nation 

al  Army  ca 

mps. 

The  Xational  Army  with  its  new  recruits  fresh  from  civilian  life  shows 
the  highest  rate  in  venereal  diseases  and  meningitis.  Xational  Guard  troops, 
however,  show  the  highest  rates  for  measles,  pneumonia,  malaria  and  typhoid. 
Regular  Army  troops,  representing  those  longest  in  the  service  and  in  all  prob- 
ability an  older  average  age,  show  the  lowest  rates  in  everything  but  scarlet 
lever  and  venereal  disease,  the  latter  l)cing  sliglitly  al)()ve  the  rate  for  the  ( luard. 

i:rii)i:.Mic  disk.\si:  ix  x.\tiox.\l  (;l".\ki)  .\xi>  xathi.x.m.  .\k.\iv  c.xmi's 

Measles,  pneumonia,  meningitis  and  scarlet  fever  iiave  existed  in  epidemic 
iorm  in  a  number  of  the  camps.  Measles  has  been  by  far  the  most  i)revalent  of 
ihe  four.  Scarlet  fever  has  been  of  minor  c()nse(|ueiice.  Typhoid  fe\er  has 
been  a  negligible  factor  as  a  cause  of  incapacitation.  Mumps,  bronchitis  and 
Influenza  have  likewise  l)een  widespread  and  although  not  fatal  in  themselves, 
pave  frequently  been   forerunners  of   ]mcunionia. 


■.\i:r.Mo.\i.\ 


-As  pointed  out  elsewhere  in  this  pa])er.  pneumonia  lias  been  of  more  serious 
iport    than    an\-    otlior    single    disease.       It    has    occurred    in    epidemir    form    in 
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many  camps,  particularly  in  those  occupied  by  southern  troops.  In  other  camps, 
especially  those  occupied  by  the  troops  from  the  middle  western  and  northern 
States,  pneumonia  has  been  sporadic  rather  than  epidemic.  Among  the  troop - 
from  the  northeastern  section  of  the  country  pneumonia  has  been  less  prevalent. 
In  Table  11  are  presented  the  mortality  and  morbidity  rates  for  pneumonia 
in  the  various  National  Guard  and  National  Army  camps. 

Table  11 

Sickness  and  Deaths  From  Pneumonia  in  Army  Camps,  Six  Months'  Period, 
September  29,  1917.  to  March  29,  1918 

annual  rate  per  1000 
caml'  army     morbidity  rate     de.ath  rate 


Bowie 

N.  G. 

96. 

20.0 

Wheeler 

N.  A. 

95. 

23.6 

Travis 

N.  A. 

78. 

10.6 

Pike 

N.  A. 

63. 

24.9 

Cody 

N.G. 

52.  . 

9.7 

Beauregard 

N.G. 

42. 

15.0 

Taylor 

^.A. 

37. 

5.4 

Sevier 

N.G. 

36. 

11.5 

Jackson 

N.  A. 

.36. 

10.7 

Doniphan 

N.G. 

33. 

9.0 

Dodge 

N.  A. 

29. 

5.3 

Funston 

N.  A. 

24. 

10.5 

Kearny 

N.G. 

24. 

4.4 

Lee 

N.  A. 

24. 

5.5 

Shelhy 

N.G. 

21. 

4.7 

Meade 

N.  A. 

18. 

2.6 

Logan 

N.G. 

16. 

l.(J 

Gordon 

N.A. 

15. 

5.3 

Sherman 

N.  A. 

15. 

2.5 

Upton 

N.A. 

IS. 

3.6 

Grant 

N.A. 

14. 

1.5 

Lewis 

N.A. 

11. 

1.5 

Devens 

N.A. 

9.8 

2.0 

McClellan 

N.G. 

9.6 

1.1 

Sheridan 

N.G. 

9.3 

1.7 

Wadsworth 

N.G. 

9.1 

1.1 

Dix 

N.A. 

8.0 

1.5 

Custer 

N.A. 

7.0 

1.5 

Hancock 

N.G. 

6.7 

1.1 

Note:      Chart  VII  shows  the  morbidity  from   i)iieunionia  l)y  camps. 

The  highest  pneumonia  morbidity  rates  are  at  Bowie  and  Wheeler.  The; 
camps  along  with  Pike  likewise  show  by  far  the  highest  death  rates  from  th 
cause.  The  excessive  prevalence  of  this  disease  is  appreciated  on  comparii' 
the  death  rate  at  Pike  with  that  for  Logan,  the  lowest  in  the  table.  The  rate  ; 
Pike  is  twenty-five  times  that  at  Logan. 

As  compared  with  civil  life  pneumonia  has  been  unduly  prevalent  in  tl 
camps  during  the  past  winter.  The  average  pneumonia  rate  for  all  camps 
high,  because  of  excessive  rates  at  certain  of  the  southern  troop  camps.  TI 
lowest  camp  rates  are  not  higher  than  the  rates  for  civilian  life.  The  rate  f' 
the  New  York  National  Guard  troops  at  Wadsworth,  for  instance,  is  1.1,  wh' 
the  rate  for  the  age  group  20  to  29  years  in  New  York  City  for  the  six  wint; 
months  was  1.0.  The  rate  for  National  Guard  troops  from  Pennsylvania  ( 
Camp  Hancock  is  1.1,  as  compared  with  a  rate  of  1.8  for  the  age  group  20  to  '' 
years  for  the  city  of  Pittsburg  from  October  1,  1917,  to  April  1,  1918.     Neaii' 
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twice  as  many  deaths  occurred  in  Pittsburg  as  in  Pennsylvania  men  in  Camp 
Hancock. 

In  New  York  City  during  the  past  winter  the  pneumonia  rate  for  all  ages 
is  2.65,  for  age  group  20  to  29  it  is  1.00.  The  proportion  for  the  specific  age 
group  is  thus  38  per  cent.  In  Table  12  there  are  included  pneumonia  death  rate- 
for  the  past  winter  for  a  number  of  States.  By  applying  the  factor  obtained  in 
New  York  City  to  the  death  rates  at  all  ages  in  other  States  we  may  secure  a 
rough  approximation  of  the  death  rates  in  age  group  20  to  29  years. 

Table  12 

Pneumonia  Death  Rates  in  Civilian  Life 
Annual  Rate  per  1000 


Period,  Winter  of  1917-1918 

RATE 

RATE 

5I0NTHS 

(all  ages) 

(AGE  20-29  years) 
.38 

Vermont 

Oct.,  Nov.,  Dec. 

1.00 

Delaware 

Oct.  to  Mar.,  incl. 

7.50* 

2.8 

X'irginia 

Oct.,  Nov..  Dec,  Jan. 

1.58 

.60 

Connecticut 

Oct.  to  Mar.,  incl. 

2.20 

.84 

Massachusetts 

Oct.  to  Feb.,  incl. 

1.04 

.40 

Colorado 

Oct.  to  ]\lar.,  incl. 

1.85 

.70 

]\fichisan 

Oct.  to   Mar.,  incl. 

1.52 

.58 

St.  Louis,  ]\Io. 

Oct.  to   Mar.,  incl. 

2.80 

1.1 

*This   is  the  tigure  furnished   us  bv  the   State   Health  authorities.  L 

A\  ith  the  data  secured  in  this  manner  we  may  strike  the  comparisons  made 
in  Table    12. 

It  is  evident  from  Table  13  that  Army  rates  are  above  those  for  civiliai 
life.     There  is  an  exception  in  the  case  of  Camp  Dix  whose  rate  is  below  tha 


Table  13 

Comparative  Mortalitv  Rates  From  Pneumonia  in  Armv  axd  Civil  Life 
Period,  October,  1917,  to  April,  1918 

(Figures  in  Annual  Rates  per  1000) 


pneumonia    RAIii 

CIVIL 

(estimated   RATE 

PXEL'.ArONIA 

ARMY 

locality 

AGE   GROLTPS   20  TO 
29   VEARS) 

RATE 

CAMP 

Vermont 

Connecticut 

Massachusetts 

.38  1 

.84  [    .54 

.40  J 

2.0 

Devens 

Delaware 

2.8 

1.5 

Dix 

Virginia 

.60 

5.5 

Lee 

Colorado 

.70 

10.5 

Funston 

Michigan 

.58 

1.5 

Custer 

St.  Louis,  Mo. 

1.1 

9.0 

Doniphan 

SOURCE   OF   TROOPS 


Xew  Enoland  States 


Delaware,  New  York,   New 

Jersey 
Virginia,   West  Virginia, 

Pennsylvania 
Colorado,  Arizona,   Kansas, 

Missouri,   Nebraska,   New 

Mexico,  South  Dakota 
Michigan,  Wisconsin 

Missouri,  Kansas 


of  Delaware.     Dix  is  occupied  by  New  Jersey  and  New  York  troops  as  w 
as  those  of  Delaware  and  the  Dix  rate  is  not  therefore  a  fair  representation  f  j 
Delaware  soldiers.     In  general,  the  camp  rate  for  New  England  is  about  fo 
times  that   of  civilian   life.     Camp   Lee   is   about   nine   times   that   of   Mrgin 


468 

Dec. 

7 

340 

Nov. 

23 

187 

Nov. 

2i 

172 

Nov. 

9 
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Funston  is  fifteen  times  that  of  Colorado.  Custer  is  nearly  three  times  that  of 
^Michigan.  Doniphan  is  eight  times  that  of  St.  Louis.  We  may  conclude  that 
in  general  camp  life  is  more  conducive  to  pneumonia  than  civilian  life. 

Pneumonia  prevailed  most  extensively  during  Xovember  and  December. 
The  weekly  pneumonia  incidence  for  the  army  as  a  whole  and  for  each  of  the 
Guard  and  National  Army  camps  is  pictured  in  Charts  XX  to  XXXV  accom- 
panying this  report.  The  rates  which  we  have  used  in  discussing  this  question 
are  averages  for  a  period  of  six  months.  The  epidemic  nature  of  the  disease 
in  some  camps  is  suggested  by  the  rates  during  the  weeks  when  the  disease  was 
most  prevalent.     This  is  shown  in  Table  14. 

Table  14 
Pneumonia  AIorbiditv  in  Certain  Camp.s 

Figures  in  Terms  of  Annual  Rate  per  1000 
pneumonia  rate 

camp average  six  months         highest  week        week  en di ng 

Bowie                                              96 
Wheeler                                          95 
•Sevier                                            36 
Pike 63 

Camp  Travis  differs  from  the  other  camps  in  having  a  continuously  high 
pneumonia  rate  and  no  exceptionally  high  peaks.  Thus  the  average  rate  for  the 
six  months  was  7^,  whereas  the  highest  week  was  169. 

DIFFERENCES   IN   THE   VIRULENCE  OF  THE   INFECTING  ORGANISMS   CAUSING 

PNEUMONIA 

The  figures  presented  in  this  paper  must  forcefulh-  im[)ress  one  with  the 
following  facts  : 

1.  Morbidity  and  mortality  in  the  camps  during  the  period  covered  by  this 
!  ireport  have  been  largely  due  to  the  acute  respiratory  diseases,  especially  pneu- 
monia and  meningitis,  the   former  Ijeing  the  more  potent   factor  in  causing  the 
high  death  rate. 

2.  The  different  camps  liavc  shown  wide  \arialions  in  morbidity  and  mor- 
tality from  pneumonia. 

\\\ih.  these  facts  in  mind,  one  naturall\-  asks,  lias  the  pneumonia  in  the 
llififerent  camps  been  the  same  disease  or  does  tliis  diagnostic  term  include  two 
)r  more  diseases,  differing  etiologically  and  possibly  in  other  respects.  .May  the 
vide  differences  es])ecially  in  the  m<n-talily  rates  be  exjjlained  by  the  predominance 
f  one  pncuniduia  in  a  given  caiii]>.  while  (|uite  another  disease  under  the  same 
lame  has  pre\ailed  at  another  camp: 

Clinically,  pneumonia  has  been  rei)orted  as  loliar  and  l)roncho.  'The  chiets 
f  the  medical  service  in  the  iiase  Tlospitals  are  men  selected  i  rom  the  best 
linicians  in  the  country,  and  they  recognize  that  a  positive,  sharp  and  uniform 
inical  differentiation  between  the  forms  of  pneumonia  is  not  at  present  easy 
■ 'Blccepting  the  diagnosi's  as  reported,  which  form  of  pnenindiiia  has  luen  more 
'^^^J"evalent  and  which  more  fatal:  h'irst,  what  exidence  \v,\\c  we  concerning 
le  relative  prevalence  of  these  two  forms  of  pneunu)nia  ? 
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Table  15 


CAMP 

PERIOD 

TOTAL  CASES 
186 

,PER    CENT    OF    LOBAR 

Tavlor 

Oct.-Dec. 

62 

Pike 

Oct.-June 

528 

67 

Cody 

Oct.-Mar. 

537 

93 

Wheeler 

Oct.-Apr. 

775 

86 

Travis 

Dec. 

124 

n 

Travis 

Apr. 

42 

64 

Shelby 

Mar.-Apr. 

61 

44 

It  is  seen  in  Table  15  that  at  all  these  camps  during  the  months  men- 
tioned with  the  exception  of  Shelby,  lobar  pneumonia  predominated.  It  is 
reported  from  some  camps  that  the  dominant  form  of  pneumonia  changes  with 
the  arrival  of  new  troops.  Most  of  the  camps,  not  all,  report  that  broncho- 
pneumonia has  been  the  more  fatal.  The  case  mortality  at  Pike  is  reported  at 
57  per  cent  in  broncho  and  36  in  lobar.  x\t  Cody  the  differences  showed  slightly 
higher  mortality  in  the  lobar  form.  It  is  generally  agreed  that  bronchopneumonia 
is  more  frequently  a  secondary  infection,  especially  after  measles. 

At  Sevier  there  has  been  no  recognized  streptococcus  pneumonia.  The  pneu- 
mococcus  has  been  the  causative  agent  in  both  lobar  and  bronchopneumonia  and 
the  prevailing  organism  has  been  Type  IV, 

In  this  camp  a  hookworm  survey  showed  18.6  per  cent  of  the  healthy  soldiers 
infected  with  these  parasites.  Of  total  admissions  to  hospital  20  per  cent  were 
infected.  Among  the  bronchopneumonia  cases  50  per  cent  of  those  who  died  had 
hookworm,  while  among  those  who  did  not  have  this  infection  only  17  per 
cent  died. 

The  Base  Hospital  laboratories  have  been  well  equipped  and  manned,  and' 
much  valuable  work  has  been  done  in  the  identification  of  the  bacteria  and  the 
differentiation  of  the  types  of  pneumonia.     We  are  leaving  to  others  a  more 
complete  digest  of  this  work.     In  most  of  the  laboratories  Type  IV  has  beei 
reported  as  the  predominating  organism. 

A  more  important  matter  is  the  prevalence  of  a  pneumonia  in  which  tht 
streptococcus  hemolyticus  appears  as  the  causative  agent.  This  coccus  is  re 
ported  as  causing  both  lobar  and  bronchopneumonia  and  the  pneumonia  causei, 
by  it  appears  to  be  more  frequently  complicated  with  empyema,  and  more  fata 
than  that  due  to  the  pneumococcus. 

The  epidemiologist  at  Camp  Upton  reports  as  follows : 

Case  No.  1.     The   first   case   of    streptococcus   hemolyticus    pneumonia   to   be   admitte, 
to  the   Base   Hospital   was   a   white   man,   assigned   to   the    Depot   Brigade,   and   sent   to  ti 
hospital  immediately  upon  his  arrival  on  December  25,   1917.   from   Fort   Slocum.     He  ga 
a  history  of  having  been   seized   with  a   severe  chill   and   a   sharp   pain   in   the   right  low 
chest,   before   leaving   Fort   Slocum.     The    streptococcus   hemolyticus   was    identified   in   t 
laboratory  two  days  after  admission,  and  was  later  found  in  the  empyemic  fluid.     This  m 
died  on  January  17,  and  no  other  information  concerning  him   is  available,   except  that_ 
was   twenty-five  years   old   and   had   been   in   the   service   less   than   one   month.      Followi 
this  initial  case,  there  were  14  admitted  to  the  hospital  previous  to  March   1.     Nine,  or  ( 
per    cent    of    these    are    colored,    while    during    the    same    period    the    average    strength   ( 
colored  troops  in  camp  was  3,380  or  only  about  10  per  cent  of  the  average  strength  of  tl 
camp.     The   troops   stationed   at   Camp   Upton   during   the   winter   were    for   the   most  pa 
drafted  men   from   the   New   York  metropolitan   area.     A  conservative   estimate   places  tl 
number  of  urban  troops  at  90  per  cent  of  the  command.     In  coiftrast  to  this,  56.5  per  ce 
of  the  48  cases  of  pneumonia  due  to  the  streptococcus  hemolyticus  admitted  up  to  April 
were  rural  men. 

Case  No.  2  was  a  rural  colored  man  from  Texas,  who  arrived  early  in  December  frc 
Camp  Pike. 
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Case  No.  3  was  a  rural  colored  man  from  \'irginia.  who  had  just  arrived  from 
Camp    Lee. 

Case  Xo.  4  was  an  urban  white  man  from  Maine,  who  had  been  assigned  to  the 
Medical  Department  and  who  was  on  duty  in  the  contagious  section  of  the  Base  Hospital. 

Case  No.  5  was  a  colored  Texas  farmer,  recentlj-  arrived  from  Camp  Pike. 

Case  No.  6  was  a  Connecticut  man,  who  arrived  together  with  case  No.  1  from  Fort 
Slocum    on    December    25. 

Case  No.  7  was  a  colored  Texas  man,   sent  here   from   Camp   Pike. 

Case  No.  8  which  did  not  develop  until  January  28,  was  a  white  man  from  Cornwall, 
X.  v..  on  duty  at  the  Officers"  Training  School. 

These  eight  cases  are  all  that  developed  prior  to  the  first  of  February.  It  is 
seen  from  this  that  two  of  the  first  eight  cases  were  imported  from  Fort  Slocum. 
and  three  from  Camp  Pike,  the  latter  camp  having  experienced  much  pneumonia 
during  November  and  the  first  part  of  December.  Camp  P'ike  reported  316 
pneumonia  cases  during  this  period.  The  early  pneumonia  cases  at  Upton  an:!ong 
colored  troops  were  all  in  the  367th  Infantry,  which  drew  its  men  for  the  most 
jiart  from  Camps  Pike  and  Lee  and  New  York  City.  The  urban  men  from  Xew 
York  City  remained  practically  uninfected.  Having  been  introduced  into  Camp 
I 'ike.  the  virulent  streptococcus  infection  spread  gradually  through  the  associa- 
tion of  troops  in  camp  until  it  assumed  rather  large  proportions  in  March,  with  a 
tital  of  33  cases  for  that  month.  The  mortality  rate  up  to  April  1st  was  48 
per  cent. 

\\'e   are   convinced   that   the   dift'erences    in    morbiditv   and   mortalitv    from 
"neumonia  in  the  camps  are  not  explained  on  the  grottnd  of  variations  in  kind 
virulence  of  the  infecting  organisms. 

lillFi:KEXCES     IX     SUSCEPTIBn.lTY     TO     PXEUMOXIA     OF     TIIK     MKX     IX     DIFFKRKXT 
CAMPS   AXD   THE   EXPERIEXCES   OF   THE-   CIVIl,    WAR    IX   THIS   COXXECTIOX 

(  )ur  figures  show  most  convincingly  : 

1.  That  men  from  rural  communities  are  more  susce[)tible  to  i)neum(>nia 
than  are  those  from  urban  life. 

2.  That  on  the  whole  the  southern  soldier  is  much  more  suscepti])le  to  this 
lisease  than  his  northern  comrade. 

The  fact  that  pneumonia  has  l)een  nmch  more  prexalcnt  and  nuich  more 
among  southern  than  among  northern  troops  has  led  us  to  look  up  the 
listory  of  the  acute  respiratory  diseases  during  the  Civil  War.  Superficial  ex- 
imination  of  the  "Medical  and  Surgical  History  of  the  War  of  the  Rebellion"* 
From  which  the  quotations  which  follow  are  taken,  shows  that  the  acute  respira- 
tor)- diseases  during  the  Civil  War  followed  along  the  same  lines  as  they  have 
pxhibited  in  our  canijjs  during  the  ])criod  coxered  by  this  report.  We  herewith 
isent  a  brief  resmne  of  the  acute  respiratory  diseases  as  thi'}'  ai)peared  in  the 
n\  War.  During  thai  war.  there  were  reported  in  the  Cnion  .\rmy  i)7.7(\^ 
[ases  of  measles  with  4.J4f)  deaths,  giving  a  mortality  rate  of  (k27  p(  r  cent.  It 
more  than  ])robable  that  only  a  sni.dl  i)art  of  tlii>  morl;ility  was  directly  Auv 
measles,  but  to  certain  se(|uala-,  notably  pm-unioiiia.  I  Ik-  average  annn.il 
lorbidiiv  rate  of  measles  ])er  tlionsand  of  strength  was  3(1.41.  the  m;i\iiuuin 
.^7  during  the  first  year,  and  the  minimum  l.''S  during  the  last  year.  .Mtbougli 
lere  are  no  exact  re])ons,  it  appears  that  measles  prewiiled  in  the  Conteder.-ite 
Inuy  and  was  much  more  liighlv  I'at.d  ihaii  in  the  Cnion  Army.  I'ml.  I'anl  !• 
[ve  says  concerning  measles  : 

•Part    Thir.l    McFi-.-il    \'.,Imtii:-. 
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"In  the  Confederate  Army  measles  prevailed  extensively  in  the  new  regiments,  espe- 
cially in  those  from  the  country,  and  greatly  impeded  their  organization.  It  so  diminished 
the  "effectiveness  of  the  troops  and  proved  so  fatal  in  camps  that  companies,  battalions  and 
whole  regiments  had  to  be  disbanded  for  a  time  and  the  men  sent  home."     (p.  649.) 

"As  the  new  men  came  within  the  influence  of  the  contagious  foci,  the  disease  spread. 
giving  a  sudden  elevation  to  the  line  of  prevalence,  which  therefore  fell  until  fresh  acces- 
.sions  occasioned  a  corresponding  rise  in  level.  The  highest  rates  occurred  in  the  earl\ 
months  when  the  commands  were  small  and  unprotected  by  previous  attacks.  In  subsequent 
periods,  the  increased  prevalence  of  rates,  if  calculated  on  the  strength  of  the  new  regiments 
onlv,  would  probably  have  been  equally  high.  Init  calculated,  as  they  have  been,  on  the  mean 
strength,  part  of  which  had  lost  its  susceptibility  to  the  disease,  they  are  necessarily  lower 
than  those  of  the  earlier  epidemic  periods."     (  p.  649. ) 

"Recruits  from  the  city  are  more  likely  to  have  passed  through  the  disease  in  childhood 
than  those  from  rural  districts.  City  regiments  are,  therefore,  to  be  preferred  in  this  con- 
nection."    (p.  659.) 

The  advisability  of  intentionally  subjecting  men  to  measles  under  proper 
sanitary  conditions  was  considered  : 

"Inoculation  for  smallpox  was  practiced  before  the  discovery  of  vaccination.  How- 
ever, the  eft'orts  of  sanitary  officers  have  been  so  successful  in  controlling  the  spread  of 
communicable  diseases  that  few  medical  men  would  counsel  the  intentional  propagation  of 
measles  among  large  bodies  of  newly  organized  and  susceptible  troops."     (p.  659.) 

"Isolation  proved  ineffective  in  restricting  the  disease  during  the  war,  but  there  is  nn 
record  of  its  having  been  systematically  carried  out."      (p.  659.) 

"Scarlet  fever  was  rarely  seen  during  the  Civil  War.  Among  the  white  troops  57s 
cases  were  reported,  70  of  which  or  12.1  per  cent  were  fatal.  Among  colored  troops  the  casi> 
numbered  118  with  but  2  deaths,  equivalent  to  a  mortality  rate  of  only  1.7  per  cent.  This  was. 
therefore,  one  of  the  exceptional  diseases  less  fatal  to  the  negroes  than  to  the  white  men." 
(p.   662.) 

"Mumps  occurred  to  a  notable  extent  immediately  in  the  first  year  of  the  war,  when 
40  cases  were  reported  among  every  one  thousand  men  ;  the  rate  of  prevalence  fell  to  li  in 
the  second  and  third  vear,  to  14  in  the  fourth  vear  and  to  less  than  three  in  the  fifth  vear."| 
(p.  675.) 

"The  average  annual  morbidity  from  pneumonia  among  white  troops  was  27.8  and  the! 
death  rate  6.21.  Among  colored  troops  the' annual  morbidity  was  88  and  the  mortalitj^  27.29."l 
(p.  719.) 

"Pneumonia   was   much   more   prevalent   among  the   Confederate   than   among    Federall 
troops.     Among  the  former  this  disease  annually  affected   103  men  of  every  one  thousand,! 
while  the  corresponding   rate   for   Federal   white  troops  was  34,   and   the  cases   reported  as| 
acute  bronchitis  and  catarrhs  numbered  415  yearly  per  thousand  among  Confederate  troops 
as  against  192  in  the  Union  ranks."      (p.  719. ) 

Among  the  Confederate  troops  operating  in  South  Carolina,  Georgia  anc 
Florida  during  the  19  months,  January,  1862,  to  July,  1863,  inclusive,  there  were 
2,220  cases  of  pneumonia  of  which  127  terminated  fatally  in  the  field  and  37C 
in  the  hospital,  making  a  total  of  497  deaths,  equivalent  to  22.4  per  cent  of  the 
whole  number  of  cases,      (p.  720.) 

A  table  shows  a  Confederate  death  rate  from  pneumonia  of  20.6  per  thouj 
sand  strength  as  com])are(l  with  the  L'nion  rate  of  7.8  per  thousand.  The  averagj 
annual  rate  of  deaths  from  pneumonia  among  southern  prisoners  in  northern 
camps  was  59.9  per  thousand,  while  the  annual  rate  from  the  same  cause  al 
Andersonville  was  27.4. 

Acute  bronchitis  was  reported  as  responsible  for  168,715  cases  of  sicknesj 
in  the  Federal  Army,  and  of  these  650  terminated  fatally.  This  applies  onlf 
to  white  troops.  Among  the  colored  troops,  the  average  annual  rate  for  bror| 
chitis  was  123.5.     (p.  726.) 

Additional  evidence  of  the  greater  susceptibility  of  the  southern  soldier 
the  acute  respiratory  diseases  is  supplied  by  the   following  figures    (see  Tab! 
15-A),  furnished  by  the  "Sick  and  Wounded"  Division  of  the  Surgeon  General| 
Office.     These  figures  cover  the  calendar  year  of  1917,  and  they  give  the  nati^ 
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Table  15-A 

LOBAR   PM:UM0NIA.  BRONCHOPXEUIIOXIA  AND    MEASLES, 
AMONG    U.    S.    TROOPS,    ACCORDING    TO    NATIVITV 

ENLISTED   MEN,   YEAR   1917 


ANNUAL    ADMISSION    RATE   PER    1000* 

State  of  Birth 

PRIMARY     BRONCHO- 

MEASLES 

LOBAR   PNEUMONIA 

PNEU^rONIA 

(uncomplicated) 

Alabama 

.233 

.029 

1.35 

Alaska 

.08 

Arizona 

.049 

.22 

Arkansas 

.128 

.065 

1.36 

California 

.045 

.013 

.34 

j  Colorado 

.043 

.015 

.26 

[  Connecticut 

.028 

.006 

.08 

j  Delaware 

.020 

.015 

.13 

1  District   of   Columbia 

j  Florida 

.381 

.042 

1.45 

i  Georgia 

.153 

.029 

.88 

Idaho 

.043 

.15 

'  Ilhnois 

.054 

.008 

.27 

j  Indiana 

.060 

.017 

.57 

j  Iowa 

.088 

.010 

.43 

[Kansas 

.104 

.013 

.75 

!  Kentucky 

.111 

.016 

.82 

iLouisiana 

.122 

.056 

1.14 

iMaine 

.027 

.008 

.31 

.Maryland 

.035 

.009 

.11 

{Massachusetts 

.027 

.004 

.09 

Michigan 

.038 

.007 

.23 

Minnesota 

,043 

.006 

.21 

Mississippi 

.131 

.038 

1.26 

Missouri 

.101 

.015 

.61 

Montana 

.009 

.001 

.19 

N'ebraska 

.128 

.011 

.49 

\'evada 

.049 

.11 

'S^w  Hampshire 

.035 

.012 

.16 

\e\v  Jersey 

.022 

.008 

.06 

\ew  Mexico 

.046 

.018 

.23 

sew  York 

.025 

.006 

.07 

s'nrth  Carolina 

.056   ■  • 

.015 

.79 

\i>rth  Dakota 

.033 

.22 

ihic) 

.042 

.009 

.18 

(klahnma 

irc,i4on 

.042 

.009 

.31 

Viins\lvania 

.030 

.006 

.08 

;h(jde    Island 

.018 

.007 

.04 

'luth  Carolina 

.079 

.018 

.66 

niith  Dakota 

.053 

.005 

.32 

ciniessee 

.099 

.027 

1.21 

'•\as 

.231 

.054 

1.58 

i;ili 

.032 

.005 

.21 

'Tmont 

.005 

.002 

.40 

iri^inia 

.039 

.011 

.36 

.  ashington 

.059 

.005 

.11 

ist   Virginia 

.030 

.009 

.28 

isconsin 

.050 

.(X)9 

.44 

\oming 

.041 

.25 

Totals 

.067 

.014 

.43 

•Number  of  admissions   for   men   of  any   one  state  divided  I)y   tlie   population   of   that   stale,   times   1000. 

ite  (jf  ;ill  soldiers  wlio  had  nicasles  or  i)iK'iini()iiia  duriiiL;  thai  year.  (|iiilc  iiido- 
ndoiitly  of  the  organizations  to  which  they  belonged  ny  the  locations  u!icre 
cy  became  ill.  These  hj^ures  have  great  relati\e  value  and  show  most  con- 
iicingly  the  greater  susceptibility  of  southern  men  to  these  diseases.      It   must 
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not  be  interred  that  this  higher  susceptil)ihty  is  inherited.  At  least  stich  an 
assumption  is  not  warranted,  since  it  is  more  than  probable  that  most  of  these 
men  lived  for  the  greater  part  of  their  lives  in  the  states  in  which  they  were 
born.  For  the  proper  interpretation  of  these  figures,  we  may  say  that  during  the 
vear  1917,  Alabama  furnished  out  of  every  100,000  of  its  i)oi)ulati(in,  135  soldier- 
wlio  contracted  measles  during  that  year. 

It  will  be  seen  from  the  above  that  then,  as  now,  measles,  mumps  and 
pneumonia  were  highly  prevalent  among  the  troops,  both  Xorth  and  South,  but 
that  measles  and  pneumonia  were  much  more  prevalent  and  much  more  fatal 
among  southern  than  among  northern  soldiers.  Sickness  and  death  in  camp 
have  been  greatly  lessened  since  Civil  War  days  as  Chart  \'III  will  show. 

If  we  can  explain  why  the  rural  man  is  much  more  susceptible  to  pneumonia 
than  his  urban  brother  and  why  the  southern  soldier  is  much  more  susceptible 
to  the  same  disease  than  his  northern  comrade,  we  will  have  a  basis  on  which 
to  work  in  our  attempts  to  lessen  the  morbidit}'  and  mortalitv  from  pneumonia 
in  our  camps.  W'e  are  aware  that  we  are  only  on  the  threshold  of  this  inve^^- 
tigation  and  that  more  extensive  and  exact  data  may  modify  otu*  views,  possibl} 
radically  change  them,  but  at  the  risk  of  falling  into  error,  we  are  venturing 
certain  suggestions. 

In  the  first  place  we   recognize  that  no   sharp  line  can  be  drawn   betweti 
rural  and  urban  life.     It  is  customary  to  classify  those  comnumities  with  a  pop- 
ulation of  less  than  2,500  as  rural,  but  this  is  arbitrary  and  we  must  recognize 
the  fact  that  our  population  is  not  fixed  but  is  in  a  condition  of  constant  llux 
Because  a   soldier  comes   from  a   farm   does  not  mean  that   he  has  not  jjassc 
much  of  his  life,  even  recently,  in  some  crowded  community,  but  the  large  masse 
of  men  with  which  we  are  dealing  may  justify  a  rough  classification  into  rura 
and  urban.     Camp  life  is  more  crowded  than  that  of  most  conditions  of  civiliai 
life,  even  in  the  most  densely  congested  areas  of  our  largest  cities.     \\'hen  w 
speak  of  "crowding''  in  camp,  we  are  most  likely  to  have  in  mind  sleeping  quar 
ters  and   we  demand  in  these  not  less  than   50  square   feet  of   floor   space  pe 
man,  but   while   proper  space   in   sleeping   quarters   is   a   matter   of   importance 
men  may  be   dangerously  crowded  even   out   of   doors.     The  acute   respirator 
diseases  are  transmitted  by  the  transference  of  organisms  from  the  respirator 
tract  of  one  man  to  those  of  another.     To  put  it  bluntly,  "by  spitting  into  on 
another's    face,"   and   this   occtirs   more    frequently    in    the   waking   than   in  tl: 
sleeping  hours.     Crowding  in  camp  life  is  a  military  necessity.     It  may  be  r< 
duced  to  a  minimum,  and  every  effort  should  be  made  to  do  this.     In  an  assembl 
hall  in  one  of  our  camps  where   several   thousand  men  are   seated  night  afu 
night,    if    every   man    sits   upright    and    moves    his   head    neither    backward   it 
forward,  the  greatest  distance  between  his  nose  and  that  of  the  man  in  froi 
or  behind  is  26  inches,  and  to  right  or  left,   16  inches.     In   such  an  assemb 
with  one-half  the  men  coughing,  one  can  have  some  idea  of  the  extent  to  whit 
respiratory  bacteria  are  being  transmitted.     This   condition  would  not  be  m 
terially  altered  by  the  removal  of  the  walls  and  roof  of  the  hall.     On  the  oth 
hand,  the  transfer  of  respiratcny  bacteria  may  be  quite  indirect.     They  may 
carried  in  dust,  and  it  is  not  sur])rising  that  the  acute  respiratory  diseases  ha 
increased  after  dust  storms  as  has  been  shown  to  be  the  case  at  Funston,  Bow 
and  at  other  camps. 
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THE  FRUITS  OP  PKNTIVE  iPICl 

BY  MAKING  USE  OFOUR   INCREASING  KNOWLEDGE 

OF  MEPICINE  ANP  SANITATION  SINCE  CIVIL  WAR 

TIMES   IT  HAS  BEEN  POSSIBLE  TO  PREVENT 

HAL_F"       A      rvirLLION      CASTS     Or    PtSCASET 

ANP  SAVE  THE  LIVES   OF 
TEIN      THOUSAMD    SOL-DIEIRS 


S/c/fness  amon^  wh/(e.  fr-oo/)^  in  ^/)e 
A/orfhern  Arm /as  duf/no  /he  e.ar-/y 
/«A-/^y  c/  ^he  C/V/l  WA/?  fSmonr'-As-, 
Jv/y  /st.-/>ec.3/^  /S</)  as  ccm^ar-e-c/ 
wi-fh  s/cAf'nes-s-  jft  the.  Amet-/can  A^-nty 
cfi/f/nf  /Ae  same  ear/y  !><•.,- /a c/  o^ 
tht   PHESENT  WAR,  fimos.  yjy  /-/>e<:S/,/9/7.) 

//fures  i/ejtot^c  acfua/  nurrtier  oj^ 
cases  o/  ef/sease  im/fr-f^ei^  /n  A/>e 
£n^/fe.   Afmy  As    -f-Me   sfr-efio/h    o/' 

/he    Arniy    JK    /■^/7  rr'as   ajitri//     7^/-e« 
/-/mxs     ^rea/ef     /han  /n  /S4/^  /ht  ntrntirr 
e/  cjiSKs  /n  /eil  Ats-  hes^t  w<///i^//e</  £y  /^ire. 


// 


MiMOH       S'yr/ii'it 


MfAsusr'T"  /^"^^^ TJi'z*: r*.':^..*''^**'*  ^««-'^ 


roe/t/f.  rrrMoiD    TOTAL  P£AT?/S 


cuusis   ^ffrif 


fffOf/r 

PIS£  AS£ 


^  CIVIL  WAR 


PRESENT  WAR 


Chart   VIII. 
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Pneumonia  is  an  urban  or  a  crowd  disease  in  both  civilian  and  military 
life.  Our  camps  are  the  most  crowded  cities  in  our  country,  and  consequently 
they  furnish  the  highest  rates  for  the  respiratory  diseases. 

The  man  who  has  lived  in  a  densely  populated  area  is  more  resistant  be- 
cause he  has  been  exposed  to  the  same  bacteria  before,  probably  many  times, 
and  has  acquired  more  or  less  immunity  or  an  increased  resistance.  For  a 
converse  reason,  the  man  who  has  lived  in  a  sparsely  settled  community  is  the 
more  susceptible  because  he  has  never  before,  or  has  not  recently,  harbored 
these  bacteria,  ^\'e  call  attention  to  the  maps  showing  the  location  of  the  camps 
and  areas  from  which  their  soldiers  were  drawn.  (  See  Charts  XVIII  and  XIX.) 
The  soldiers  less  susceptible  to  pneumonia  are  from  the  most  densely  populated 
areas. 

In  the  Soirth,  under  ordinary  conditions  of  civiHan  life,  pneumonia  is  rela- 
tively rare,  but  when  it  does  appear,  is  highly  fatal,  and  is  highly  fatal  because 
it  is  rare.  The  average  southern  lad  has  never  come,  or  but  seldom  been  brought, 
into  contact  with  the  organisms  which  cause  pneumonia  and  when  they  are 
sprayed  into  his  face,  he  falls  a  ready  victim  just  as  the  American  Indians  and 
Fiji  Islanders  were  decimated  by  measles  and,  as  smallpox  aided  the  Spaniards 
in  their  conquest  of  Mexico.  Many  illustrations  along  this  line  will  occur  to  the 
student  of  epidemiology. 

MEASURES  FOR  PROTECTION  AGAINST  PNEUMONIA  AND  OTHER  RESPIRATORY  DISEASE 

In  our  efforts  to  lessen  morbidit}'  and  mortality  from  the  acute  respiratory 
diseases,  especially  pneumonia,  we  must  endeavor  to  develop  the  resistance  of 
the  soldier  to  the  causative  organisms.  In  the  accomplishment  of  this  purpose 
many  procedures  are  possible.  Up  to  the  present  time  we  have  relied  upon  at- 
tempts to  limit  the  number  of  infecting  organisms  finding  access  to  the  susceptible 
man  by  wearing  masks,  by  placing  the  sick  in  cubicles,  by  the  employment  of 
disinfecting  agents,  etc.  These  methods  have  probably  been  of  value — how  much 
we  can  not  say — but  the}-  are  applicable  only  to  the  sick  in  hospitals,  in  detention 
camps  or  in  quarters,  and  are  not  applicable  to  the  great  masses  of  the  soldiers. 
The  most  scientific  and  the  most  promising  procedure  lies  in  vaccination.  This 
has  been  tried  already  in  some  camps.  At  ITpton,  more  than  12,000  out  of  a 
division  of  about  30,000  were  vaccinated  against  pneumonia,  and  during  the 
following  two  months  that  the  practically  unbroken  division  was  under  observa- 
tion, the  protective  value  of  the  vaccination  seemed  to  be  quite  in  evidence.  In 
other  camps,  vaccination  has  been  cautiously  used,  but  up  to  the  present  time 
there  have  been  established  no.  standard  methods,  and  it  would  be  premature 
to  make  any  definite  claims.  It  is  worthy  of  note  that  in  South  Africa  vac- 
cination against  pneumonia  has  been  reported  with  at  least  the  promise  of 
success.  Enough  has  been  done  along  this  line  to  demonstrate  that  vaccination 
with  pneumocci,  properly  done,  results  in  no  injury.  In  this  procedure,  the 
number  and  virulence  of  the  organisms  introduced  are  absolutely  under  control. 
It  is  the  scientific  method  of  increasing  resistance.  It  is  not  probable  that  the 
increased  resistance  to  pneumonia  secured  by  any  method  continues  indefinitely, 
since  one  attack  of  the  disease  does  not  protect  for  any  great  length  of  time, 
at  least,  against  subsequent  infection,  but  temporary  advances  in  resisting  power 
would  be  of  great  service. 
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We  might  learn  something  from  the  natural  process  by  which  increased 
resistance  to  the  acute  respiratory  diseases  is  developed.  This  apparently  is  se- 
cured by  gradual  adaptation  to  the  conditions  of  crowd  life.  Instead  of  taking  our 
new  soldiers  from  the  comparative  isolation  of  rural  life  and  placing  them 
immediately  in  crowded  camps,  they  should  be  assembled  in  small  groups  at  their 
homes,  drilled  and  prepared  for  camp  life  more  gradually.  There  should  be  a 
'  reserve  army  and  for  every  man  sent  to  a  training  camp,  two  should  be  added 
to  the  reserve  army.  These  men  should  be  permitted  to  continue  their  civilian 
functions,  but  should  wear  a  distinctive  uniform,  be  under  strict  discipline,  have 
their  vaccinations  and  drill  in  squads  of  gradually  increasing  size  and  thus 
slowly  be  introduced  to  the  conditions  of  crowd  life. 

The  difference  between  the  "raw"  and  "seasoned"  soldier  so  far  as  sus- 
ceptibility to  the  infectious  diseases  is  concerned  is  in  our  opinion  explainable 
as  here  suggested.  The  former  is  without  previous  recent  exposure  to  "crowd" 
bacteria  and  falls  a  ready  victim.  The  latter,  on  account  of  frequent  exposure 
to  "crowd"  bacteria  shows  a  certain  degree  of  immunity  or  at  least  increased 
resistance.  The  present  method  of  mobilization  is  conducive  to  the  spread  of 
the  acute  respiratory  diseases.  For  instance,  select  men  in  Florida  are  assembled 
at  certain  points  in  that  state,  and  shipped  to  Camp  \\'heeler  in  Georgia  in  troop 
trains.  It  has  appeared  that  as  many  as  6  cases  of  fully  developed  measles  have 
been  found  on  one  of  these  trains  on  its  arrival  at  Camp  Wheeler.  Those  reaching 
the  camp  not  actually  ill  are  sent  to  the  Depot  Brigade  or  a  Detention  camp.  On 
a  certain  day  a  colored  contingent  of  drafted  men  from  Alabama  who  had  never 
been  in  a  camp,  reached  Camp  Custer  in  ^Michigan,  and  were  placed  in  the  Depot 
Brigade.  During  the  following  month,  the  epidemiologist  at  Custer  reported 
"80  per  cent  of  the  cases  of  pneumonia  arose  in  the  Depot  Brigade,  which  is 
the  receiving  place  and  also  the  distributing  point  for  arriving  recruits."  More- 
over, the  type  of  the  dominant  pneumonia  at  Custer  changed  after  the  arrival 
of  the  Alabama  troops.  This  experience  has  a  parallel  in  many  camps.  It  is 
worthy  of  i¥3te  that  of  the  86  cases  of  pneumonia  reported  from  Custer  for  the 
month  following  the  arrival  of  the  Alabama  contingent,  60  came  from  the  Depot 
Brigade,  and  of  these  50  from  the  Alabama  contingent. 

The  plan  of  having  several  hundred  naked  men  closely  crowded  pass  through 
the  physical  tests  ai)pears  to  be,  at  present,  a  military  necessity,  but  that  it  affords 
ready  means  for  the  distribution  of  the  acute  resi)irat()ry  diseases,  is  evident.  It 
would  be  far  l)etter  if  all  these  examinations,  vaccinations,  etc.,  could  be  done  in 
the  reserve  army  which  has  been  suggested.  The  transfer  from  the  comparative 
individualism  of  civilian  life  to  tlie  intense  communism  of  military  life  should 
be  more  gradual.  The  impossibility  of  bringing  an  effective  army  into  existence 
"over  night"  is  as  evident  to  the  sanitarian  as  it  is  to  the  military  man. 

To  hope  to  reduce  infection  among  <>ur  soldiers  to  the  niininium  without 
adec|uate  attention  to  the  health  of  the  civilian  ])opulation  from  which  the  soldu-r 
comes  and  with  which  he  mingles  more  (»r  less  freely  is  without  justiticatinn.  I  I 
it  be  wise  to  protect  the  soldier  by  conipulsi>r\  \accination  against  smallpox  and 
typhoid  fever,  why  is  it  not  riglit  to  i)niiect  the  i.rosi)cclive  soldier,  the  yoimg 
man  who  is  tf)  be  called  next  month  or  next  year,  against  the  same  intections  in 
the  same  way?     All  the  infections   which   have  appeare<l   in   tlu-  camps  are   dis- 
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trihuted  among  the  civilian  population  from  which  the  soldiers  in  the  camp  have 
come.  As  an  illustration,  the  figures  in  Table  16  show  the  present  prevalence  of 
infections  in  North  Carolina.  The  figures  indicate  new  cases  reported  every 
week 

Table  16 
Infectious  Dise.-\ses  in  the  State  of  North  Carolina  From  x\pril  6  to  Ji'ne  29,  1918 


APRIL 

MAY 

.tune 

6 
177 

13 
198 

20 
273 

27 

263 

4 

11 

18 

25 

1 

8 

15 

22 

29 

W'hoopinET  cough 

W 

298 

387 

355 

467 

567 

443 

993 

476 

Measles  (both  kinds) 

338 

365 

?>i7 

386 

325 

201 

275 

298 

211 

149 

138 

95 

93 

Diphtheria 

18 

9 

19 

14 

10 

10 

12 

16 

8 

8 

9 

14 

10 

Scarlet  fever 

11 

6 

4 

10 

2 

8 

7 

8 

7 

2 

11 

15 

18 

Septic  sore  throat 

5 

6 

5 

1 

5 

Smallpox 

31 

13 

18 

22 

36 

52 

14 

15 

18 

11 

13 

17 

17 

Chickenpox 

14 

15 

21 

16 

7 

J 

Infantile  paralysis 

3 

1 

1 

1 

Typhoid  feyer 

10 

8 

6 

6 

7 

12 

11 

12 

17 

29 

48 

76 

98 

Meningitis 

5 

2 

3 

6 

1 

3 

2 

0 

1 

3 

3 

1 

1 

Draft  men  from  all  parts  of  North  Carolina  are  being  sent  to  Jackson  and 
Sevier  and  carry  the  infections  with  them.  These  arrivals  consist  of  infected 
and  susceptible  material.  They  carry  both  the  spark  and  fuel.  If  these  men 
were  organized  and  drilled  in  small  squads  at  home  and  gradually  inducted  into 
military  life,  and  only  those  found  to  be  free  from  infection  sent  to  the  camps, 
the  control  of  communicable  disease  among  the  soldiers  would  be  greatly  aided. 


MEASLES 

The  morbidity  from  measles  presents  an  entirely  dilterent  picture  from  that 
of  pneumonia.  The  highest  morbidity  rate  from  pneumonia  was  fourteen  times 
that  of  the  lowest.  In  the  case  of  measles  the  highest  rate  was  62  times  that  of 
the  lowest.  ^Measles  is  thus  seen  to  be  much  more  epidemic  in  character.  It 
exhibits  an  explosive  characteristic  in  the  suddenness  with  which  it  breaks  forth 
and  recedes.  This  is  illustrated  in  the  case  of  Camp  \Mieeler.  The  dates  and 
morbidity  rates  were  as  follows  : 

Table  17 


FOR    WEEK    ending 

annual    measles    morbidity    rate    PER    1000 

Oct.  19 

83 

Oct.  26 

428 

Nov.  2 

615 

Nov.   9 

1760 

Nov.  16 

2200 

Nov.  23 

1120 

Nov.  30 

248 

Dec.    7 

240 

Dec.  14 

19 

jMeasles  was  present  to  an  excessive  degree  in  about  the  same  camps  that 
experienced  trouble  from  pneumonia.  Southern  troops  sufifered  most  severely 
from  this  sickness.  The  mortality  from  measles  is  of  course  a  minor  factor 
when  compared  to  that  from  pneumonia.  ^Measles,  however,  has  been  a  serious 
disease  because  in  addition  to  the  time  lost  and  the  great  numbers  incapacitated, 
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MEASLES       IN      ARMY     CAMPS 
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ANNUAL    MORB/D/TY  RATE    PER    /OOO 
5EFT.  29,  /9/7    TO    MAR.  29,  1916 


Chan    IX. 
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it  has  been  a  forerunner  of  pneumonia  in  many  instances.  We  are  still  in  doubt 
concerning  the  relation  between  these  diseases. 

From  statistics  collected  during  the  month  of  February  at  Camp  Wheeler, 
it  was  found  that  14  per  cent  of  the  pneumonia  cases  were  preceded  by  measles. 
It  is  believed  that  this  figure  is  much  higher  in  some  of  the  other  camps.  In- 
cluding measles,  nnunps  and  colds  of  one  kind  or  another,  this  group  of  diseases 
preceded  pneumonia  in  68  per  cent  of  the  pneumonia  cases  at  \\4ieeler. 

The  average  morbidity  rates  for  measles  in  each  camp,  as  well  as  the  mor- 
tality rates,  are  given  in  Table  18. 

Table  18 

jNIORBlDITV   AND   MORTALITY   FrOM    ]\IeASLES   IN    OrDER  OF    PREVALENCE   AT    NATIONAL    GuARD 

AND  National  Army  Camps 
(Six  Months"  Period,  September  29,  1917,  to  March  29,.  1918) 
Figures  Represent  Annual  Rate  per  1000 


CAMP 

army 

morbidity  r.ate 

death  rate 

Pike 

N.  A. 

390 

.15 

Bowie 

N.G. 

374 

0 

Wheeler 

N.G. 

297 

0 

Sevier 

N.G. 

294 

.15 

Beauregard 

N.G. 

256 

.11 

Jackson 

N.  A. 

230 

.33 

Gordon 

N.  A. 

168 

.21 

Shelby 

N.  G. 

160 

.16 

Funston 

N.  A. 

155 

.07 

Kearney 

N.  G. 

141 

0 

Taylor 

N.  A. 

129 

0 

Doniphan 

N.G. 

129 

.08 

Travis* 

N.  A. 

124 

0 

Cody 

N.G. 

122 

0 

Dodge 

N.  A. 

92 

0 

Lee 

N.  A. 

85 

.19 

Sherman 

N.  A. 

65 

.38 

Custer 

N.A. 

65 

.49 

Grant 

N.  A. 

58 

.08 

Logan 

N.  G. 

51 

0 

Sheridan 

N.G. 

41 

0 

Meade 

N.A. 

36 

0 

D evens 

N.  A. 

36 

0 

McClellan 

N.G. 

34 

0 

Dix 

N.  A. 

34 

0 

Lewis 

N.A. 

28 

0 

Hancock 

N.  G. 

8 

0 

Wadsworth 

N.G. 

7.9 

0 

L^pton 

N.  A. 

6.3 

0 

*This  rate  is  lower  than  it  should  be  as  many  cases  were  not  reported  in  the   fall  of  1917. 
See  Chart  IX  for  Measles  morbidity  in  camps. 

The  highest  mortality  rate  from  measles  was  at  Camp  Custer.  Even  this 
rate  is  small,  compared  to  that  for  pneumonia.  It  may  be  pointed  out  that  many 
camps  with  high  measles  rates  show  few  or  no  deaths  from  this  cause.  This  is 
explained  by  the  fact  that  the  more  serious  cases  were  complicated  with  pneumonia 
and  the  death  charged  to  this  cause  instead  of  measles.  This  is  a  more  probable 
explanation  than  any  difference  in  virulence  of  the  infecting  organism.  It  seems 
highly  improbable  that  the  case  mortality  rate  at  Camp  Bowie  should  be  zero 
while  that  at  Camp  Custer  was  about  0.8  per  cent.  With  a  case  mortality  rate 
of  0.8  per  cent  at  Bowie  we  should  have  had  a  death  rate  of  about  3.0  per  1000. 

Comparative  measles   statistics    for   civilian   life   are  obtainable   onlv   in  an 
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indirect  manner.  The  morbidity  rates  from  this  cause  for  the  six  winter  months 
of  the  past  year  range  from  1.0  per  1000  for  the  State  of  A'ermont  to  12.4  per 
1000  for  the  State  of  Virginia.  These  rates  are  for  people  of  all  ages.  Inasmuch 
as  the  mortahty  from  measles  for  the  age  group  20  to  29  years  is  but  a  few 
per  cent  of  that  for  all  ages,  it  is  probably  that  the  morbidity  rates  for  the  States 
and  cities  rarely  approach  1.0  per  1000. 

MENINGITIS    lU  ARMY   CAMPS 


NATIONAL 
GUARD 


JACKSON 


NATIONAL 
ARMY 


BEAUREGARD       -= 


BOWIE    DONIPHAN  ~r 


SHELBY  X^ARNY  SEVIER 
HANCOCK  M'CLELLAN  WHEELER 
SHERIDAN  ^ODY 
LOGAN  WA05 WORTH 


= FUNSTON 


P'KE     TAYLOR.  GORDON 
ilf.f' TRAVIS  ^EADE,  LEWIS 

^Rant'',;;/,':^^^    ^odge 
devens  dix   upton 


ANNUAL    A/tORBID/TY  RATE    PER  1000 
SEPT.  29. 1917    TO  AfAR.  29. 19/6 


Chart    X. 


A^  the  ni<trl)i(Iity  rale  for  all  .Xalional  (ai.ird  and  Xatinn.il  .\rin\-  camps 
was  over  O.O,  it  is  (|uite  evident  that  measles  has  been  appreciabh-  greater  in  ihe 
army.  The  weekdy  incidence  of  measles  has  been  picture<l  on  the  charts  for 
pneumonia  alrcad\-  mentioned. 
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MENINGITIS 

]\lening'itis  in  its  various  forms  has  appeared  in  every  camp  during  the  six 
winter  months.  The  prevalence  of  this  disease  at  Camp  Jackson,  however,  has 
stood  out  aliove  that  of  all  other  camps.  The  morbidity  here  has  been  just  twice 
that  of  the  camp  having  the  next  highest  rate.  Next  to  Jackson  stand  Beauregard 
and  Funston.  These  rates  are  25.7,  12.8  and  9.8,  respectively.  Nexi  comes 
Doniphan  with  5.0  and  the  other  camps  follow  with  rates  at  close  intervals,  the 
figures  receding  gradually  from  this  point.     (See  Table  19.) 

Table  19 

Meningitis  (all  Forms)  in  National  Guard  and  National  Army  Camps 
Figures  Represent  Annual  Rate  per  1000 


CAMP 

ARMY 

MORBIDITY  RATE 

PEATH    RATE 

Jackson 

N.  A. 

25.7 

7':5 

Beauregard 

N.  G. 

12.8 

7.7 

Funston 

N.A. 

9.8 

3.6 

Doniphan 

N.  G. 

5.0 

1.8 

Bowie 

N.G. 

4.7 

1.6 

Pike 

N.A. 

3.8 

24 

Taylor 

N.  A. 

3  6 

1.3 

Gordon 

N.A. 

3.6 

.96 

Sevier 

N.G. 

3.1 

1.1 

Kearny 

N.G. 

3.1 

.77 

Lee 

N.A. 

2.7 

1.2 

Travis 

N.A. 

2.7 

2.5 

Shelby 

N.  G. 

2.6 

.71 

^Vheeler 

N.  G. 

2.4 

2.1 

Meade 

N.  A. 

2.4 

.66 

Lewis 

N.A. 

2.4 

.67 

McClellan 

N  G. 

2.1 

.41 

Hancock 

N.  G. 

1.8 

.44 

Custer 

N.  A. 

1.8 

.30 

Sherman 

N.A. 

17 

.32 

Dodge 

N.  A. 

1.6 

1.1 

Cody 

N.G. 

1.3 

.50 

Grant 

N.  A. 

1.3 

.31 

Sheridan 

N.G. 

1.0 

.18 

Wadsworth 

N.G. 

.78 

.20 

Logan 

N.G. 

.73 

.22 

Devens 

N.A. 

.63 

.28 

Dix 

N.  A. 

.57 

.19 

Upton 

N.  A. 

.54 

.34 

(See  Chart  X   for  Aleningitis  Mor1)idity  in  camps.) 

The  three  camps  with  highest  morbidity  rates  likewise  have  the  highest 
death  rate.  Beauregard,  however,  shows  a  death  rate  even  greater  than  Jackson. 
Again,  it  is  the  southern  troops  who  have  sufifered  most  severely  from  this 
disease.  Those  escaping  it  are  the  troops  from  the  northeastern  and  northern 
sections  of  the  country. 

Meningitis,  next  to  pneumonia,  has  been  the  most  serious  disease  that  the 
Medical  Corps  of  the  Army  has  had  to  meet.  It  is  serious  by  reason  of  its  high 
fatality  and  also  because  this  of  all  diseases  shows  the  greatest  excess  over  the 
disease  in  civilian  communities.  It  will  be  recalled  from  the  early  part  of  this 
report  that  meningitis  was  estimated  to  l)e  45  times  as  prevalent  in  the  Army  as 
in  civilian  life,  whereas  the  figure  for  measles  was  19  and  for  pneumonia  12. 
For  this  past  winter  we  have  the  figures  only  for  New  York  City  and  Pittsburgh, 
within  the  age  group  20  to  29  years.     The  annual  death  rate  for  meningitis  per 


COMMUNICABLE    DISEASES    IN    THE    UNITED    STATES    ARMY 


667 


1000  was  .038  for  New  York  and  .047  tor  Pittsburgh.  The  death  rate  for  all  age.s 
in  New  York  City  was  .043.  The  rate  for  age  group  20  to  29  years  is  thus  88 
per  cent  of  that  at  all  ages.  Applying  this  factor  to  the  rates  in  the  various  states 
we  can  obtain  a  rough  approximation  of  the  rates  for  the  specific  age  group  in 
these  states.     (See  Table  20.) 

Table  20 

Meningitis  in  Civil  Communities 

Figures  Represent  Annual  Death  Rate  per  1000 


RATE  FOR  AGE  20  TO  29  YEARS 

PLACE 

RATE    FOR    ALL    .\GES 

(computed    BV    using    NEW    YORK    CITY 

FACTCR  OF  88%) 

Verrr.oiit 

.0 

■          .0 

Virginia 

.16 

.14 

Delaware 

.12 

.11 

Connecticut 

.038 

.034 

Massachusetts 

.042 

.037 

Colorado 

.12 

.11 

Michigan 

.006 

.085 

St.  Louis.  ]\lo. 

.047 

.042 

New  York  City 

.043 

.038 

Accepting  the  rates  thus  obtained  for  what  they  are  worth,  we  may  con- 
trast these  figures  with  those  for  various  army  camps.     (See  Table  21.) 


Table  21 

Meningitis  in  Civil  Life  (Age  20  to  29  Years)  and  Army  Camps 
Annual  Death  R.\tes  per  1000 


Six  Winter  Months 

,  1917-18 

place 

rate 

rate 

CAMP 

source  OF  TROOPS 

Vermont 

.0     1 

Connecticut 

.034  ]■  .024 

.28 

Devens 

New  Fngland  States 

Massachusetts 

.037  J 

Virginia 

.14 

1.2 

Lee 

Virginia,  West  Virginia.  Pennsylvania 

Delaware 

.11 

.19 

Di.\- 

Delaware,  New  Jersey.  New  York 

Colorado 

.11 

3.6 

Funston 

Colorado,  .\ri/cona,  Kansas.  Missouri, 
Nebraska,  New  Mexico.  South  Dakota 

I^Iichigan 

.085 

.30 

Custer 

Micliisan.  Wisconsin 

New   York   City 

.038 

.27  )  .20 

W'adsworth 

New  ^'ork 

{.34 

L'pton 

New  York 

Pittsburgh 

.047 

.44 

Hancoci-: 

Pennsylvania 

It  is  evident  from  Table  21  that  there  is  an  excess  of  meningitis  e\en  in 
those  camps  which  have  been  unusually  free  from  pncumoni.i  and  measles.  Camp 
Dix  lias  next  to  the  lowest  death  rate  of  all  the  cami)s,  nanu-ly,  .1'^  per  1000. 
Peo])le  of  age  group  20  to  29  in  the  stale  <if  Delaware  show  a  r.ilc  for  llic  past 
six  months  of  .11  per  1000.  The  cam])  rate  is  nearly  twice  as  great  as  a  com- 
parable ci\'il  communitN'  in  this  instance.  Camji  I)even>  h;L■^  more  than  ten  times 
the  rate  of  certain  New  England  State-^.  C.imp  Lee  has  lu'arlx  ten  limes  the 
rate  of  Virginia.  Camp  Inniston  has  more  lh;in  thirty  limes  ilu'  rale  of  C'olorado. 
Custer  has  three  and  a  half  times  the  rate  ot'  .Michig.in.  Camps  W  ;i(ls\\<)rlh 
and  Upton  are  seven  times  greater  than  .\ew  Ndrk  Ciiy.  Camp  Hancock  h;is 
nearly  ten  limes  the  rate  of  I'ittsburgh.  If  tin-  r.ate  for  I  ,ouisi;iii;i  is  .it  .ill  like 
that  f(jr  Virginia,  namely  .14  i)er  1000,  w  i'  find  ili.it  C.im|)  t'ciuieg.-ii-d's  imIc  of 
7-7  would  be  in  the  ratio  of  5.^  to  1. 
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It  seems  quite  evident  that  meningitis  has  been  most  prevalent  in  those 
camps  whose  soldiers  come  from  areas  in  which  this  disease  has  been  endemic. 
For  some  years  meningitis  has  been  widely  scattered  in  South  Carolina  and 
adjoining  states  and  it  appeared  in  the  families  of  the  workmen  engaged  in 
building  the  barracks  at  Camp  Jackson  before  the  troops  began  to  assemble  and 
during  the  period  covered  by  this  report  it  was  reported  in  many  places  in  South 
Carolina.  Meningitis  has  been  endemic  in  Missovnn  and  Kansas  for  some  years 
and  this  accounts  for  its  presence  at  Funston.  Here  also  it  appeared  in  the 
workmen  and  their  families  and  in  villages  near  Funston.  We  have  no  data 
concerning  meningitis  in  the  civil  communities  from  which  the  soldiers  at  Beaure- 
gard came.  The  behavior  of  this  disease  is  a  strong  argument  for  a  reserve  army 
and  for  culturing  throats  before  the  draft  men  leave  their  homes. 

In  the  last  three  months  some  thirty  or  more  localities  in  South  Carolina 
have  reported  meningitis  to  the  State  Board  of  Health.  During  this  time  men 
from  all  parts  of  the  State  are  being  sent  to  Camp  Jackson.  It  must  happen 
that  many  of  them  from  the  infected  localities  are  meningitis  carriers.  These 
are  less  likely  to  develop  the  disease  than  some  of  those  with  whom  they  come  in 
contact.  If  the  drafted  men,  especially  those  from  the  infected  localities,  were 
collected  in  small  groups  at  or  near  their  homes  and  held  until  cultures  were  made 
and  no  carriers  sent  to  camp,  in  our  opinion  this  disease  would  be  greatly  reduced 
among  our  soldiers.  As  it  is,  one  carrier  transmits  this  infection  to  others  and  in 
a  short  time  there  are  many  carriers. 

SCARLET   FEVER 

Scarlet  fever  manifested  itself  for  the  most  part  in  Camps  Pike,  Lewis, 
Kearny,  Sherman,  Dodge  and  Grant.  The  incidence  at  Pike  stands  out  by 
itself,  however,  as  is  shown  in  Table  11.  The  rate  at  Pike  is  nearly  tw'ice  that 
of  the  second  camp  in  the  table.  Scarlet  fever  presents  a  most  interesting  prob- 
lem for  the  student  of  community  diseases,  inasmuch  as  the  rate  in  the  National 
and  Regular  Army  is  three  times  that  in  the  National  Guard  (See  Table  8), 
whereas  pneumonia  and  measles  on  the  other  hand  showed  an  appreciable  excess 
in  the  Guard. 

The  National  Army  rate  is  elevated  mainly  by  the  camps  mentioned  above. 
It  is  significant  that  southern  camps,  with  the  single  exception  of  Pike,  have 
been  free  from  this  disease.  The  camps  most  affected  have  been  those  containing 
troops  from  the  Middle  and  Far  W'est,  Lewis,  Kearny,  Dodge,  Grant,  Custer. 
Meade,  Dix  and  ^NlcClellan  are  also  among  the  first  ten  of  the  table.  Another 
point  brought  out  by  the  table  is  that  of  the  nine  camps  having  the  highest  mor- 
bidity rates,  eight  are  National  Army  camps.  But  one  camp,  namely,  Kearny, 
is  a  Guard  camp. 

Just  why  scarlet  fever  should  be  distributed  in  the  above  manner  it  is  very 
difficult  to  say.  The  primary  difference  between  Guard  and  Nationals  is  in 
their  housing,  the  former  being  quartered  in  tents,  the  latter  in  barracks.  The 
nature  of  the  quarters  would  not  seem  to  be  a  factor,  or  we  should  expect  some  of 
the  eastern  and  southern  National  Army  camps  to  show  scarlet  fever,  which  they 
do  not. 

It  seems  most  probable  that  this  peculiar  distribution  is  attributable  to  the 
presence  of  the  disease  in  those  particular  localities  from  which  these  troops  are 


COMMUNICABLE    DISEASES    IN    THE    UNITED    STATES    ARMY 


669 


Table  22 

Scarlet  Fever  in  Army  Camps 
Annual  Rates  per  1000 

Six  ]\Ionths'  Period,  September  29,  1917,  to  :\Iarch  29,  1918 


CA  M  P 

ARMY 

MORBIDITY  RATE 

DEATH    RATE 

Pike 

N.  A. 

43.8 

.44 

Lewis 

N.A. 

25.1 

.12 

Kearny 

N.G. 

19.3 

.0 

Sherman 

N.A. 

17.3 

.19 

Dodge 

N.  A. 

15.8 

.0 

Grant 

N.A. 

12.3 

.23 

]\Ieade 

N.  A. 

7.7 

.07 

Custer 

N.A. 

6.5 

.20 

Dix 

N.  A. 

6.4 

.09 

McClellan 

N.G. 

Z.7 

.0 

Doniphan 

N.G. 

3.6 

.0 

Funston 

N.  A. 

3.6 

.0 

Cody 

N.G. 

2.4 

.08 

Taylor 

N.A. 

2.4 

.0 

Sevier 

N.G. 

1.9 

.15 

Sheridan 

N.G. 

1.8 

.0 

Hancock 

N.G. 

1.5 

.06 

Devens 

N.A. 

1.5 

.0 

Upton 

N.A. 

1.5 

.0 

Logan 

N.G. 

1.4 

.0 

Jackson 

N.A. 

.9 

.0 

Wadsworth 

N.G. 

.8 

.0 

Lee 

N.  A. 

.8 

.0 

Bowie 

N.G. 

.6 

.08 

Shelby 

N.G. 

.6 

.0 

Travis 

N.A. 

.4 

.0 

Gordon 

X.  A. 

.1 

.0 

Beauregard 

N.  G. 

.0 

.0 

Wheeler 

N.G. 

.0 

.0 

drawn.  This  would  account  for  the  disease  in  both  Kearny  and  Lewis,  which 
contain  men  from  the  same  general  locality.  The  limitation  of  the  tiisease  among 
the  National  Army  troops  and  its  relative  exclusion  from  the  (iuard.  may  pos- 
sibly be  explained  by  the  later  assembling  of  the  Nationals,  who  brought  scarlet 
fever  into  the  camp  after  it  had  developed  in  the  civilian  communities.  Further- 
more, it  may  be  pointed  out  that  there  are  no  (iuard  cainjis  in  the  North.  There- 
fore, the  Guardsmen  on  mingling  with  the  civilians  in  their  vicinity  were  iiot 
brought  into  contact  with  the  disease  as  frequently  as  the  men  from  tiie  camps 
located  in  the  North.  This  explanation  rests  on  the  assumption  that  scarlet  fever 
prevailed  more  extensively  in  the  neighborhood  of  the  northern  camps  than  else- 
where.    This  fact  is  borne  out  by  Table  23. 

These  data  are  very  suggestive.  .Scarlet  fever  is  seen  to  be  much  more 
prevalent  in  the  middle  and  far  W'e.st  than  in  the  South  or  I'.ast.  It  was  highcsi 
in  Montana,  a  State  that  contributed  men  to  Camji  Lewis.  it  was  high  in 
Michigan.  Minnesota  and  Wisconsin  whicli  contributed  men  to  Camps  (Irant 
and  Custer.  It  was  higli  in  Delaware  which  sent  men  lo  (amp  I  )ix.  ("am])  Sher- 
man's high  position  in  the  table  is  i)ri  il);il)l\  Awv  to  scarlet  le\er  in  (  )hio.  We 
do  not  have  dLatli  ratt-s  tor  <  )hio  bin  from  the  morbidity  statistics  available, 
(  )hio  is  seen  to  have  a  rate  almost  as  high  as  the  .States  ot'  .Michigan  and  W  iscon- 
sin.  Records  t'roni  the  territor\  contribiuing  to  I'ike  ;ire  not  a\ail;ible  so  lliat 
nothing  can  be  said  as  to  the  inlUience  of  ci\ili;in  diseases  on  the  >carlet  tever 
incidence  at  Pike. 
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Table  23 
Scarlet  Fever  in  Civil  Life 

Anxual  Death  Rates  per  100.000 
Six  Winter  Months,  1917-1918 

"    STATE  DEATH    RATE        -^^''^^-^^^    "^^-^^H     ^'^T*^ 

FOR   SECTION 


Vermont  i.^  ] 

Massachusetts  3.3  [  ^  , 

Rhode  Islana  5.7  f ■^•'* 

Connecticut  1.4  J 

New  Jersey                         2.5  |  ,  c 

Delaware  6.5  j   ^'^ 

Indiana  6.3 1 

Michigan  7.3  \ 

Wisconsin  '^■~  \  6.3 

Minnesota  6.6 

Kansas  3.9 

Colorado                               1.8 1  ■.■j-, 

.Alontana  24.6  j   ^•'•'' 

Marvland  1.6] 

Virginia  1.0  ^  1.4 

Kentucky  1.5  i 

DIFFERENCES    IN    THE    BEHAVIOR   OF    MEASLES,    PNEUMONIA,    MENINGITIS,    AND 

SCARLET  FEVER 

Certain  differences  in  the  characteristics  of  the  diseases  above  mentioned 
are  revealed  in  Chart  XI,  where  there  are  plotted  the  morbidity  rates  for  the 
National  Guard  and  National  Army  Camps  combined.  The  scale  of  the  plot 
has  been  adjusted  so  as  to  bring  the  curves  of  each  disease  near  together,  other- 
wise there  would  be  little  opportunity  for  comparison,  as  the  meningitis  curve 
would  scarcely  appear  at  all  if  plotted  to  the  scale  for  measles.  These  curves 
are  designed  to  show  the  seasonal  occurrence  of  the  disease. 

In  the  upper  diagram  there  will  be  noted  a  surprising  similarity  between 
pneumonia  and  meningitis.  iMthough  pneumonia  was  about  ten  times  as  prevalent 
as  meningitis,  both  diseases  progressed  at  about  the  same  rate  and  except  for  a 
period  during  December  and  January  are  parellel  throughout  the  six  months' 
period.  In  a  sense  their  occurrence  has  been  epidemic  in  nature  as  there  is  a 
distinct  though  blunt  peak  to  the  curves.  The  breadth  of  this  peak  extends  from 
November  to  February  with  the  greatest  incidence  during  January  and  February. 

The  upper  curves  present  a  far  different  appearance  from  those  of  measles 
and  scarlet  fever.  The  measles  curve  is  distinctly  epidemic  in  character.  It  ex- 
hibits a  sharp  peak.  The  disease  increased  enormously  during  November  and 
started  to  recede  just  as  sharply.  Then  its  rate  of  recession  decreases  and  it 
flattens  out  very  gradually  reaching  a  level  the  first  of  March. 

Scarlet  fever  acted  diff'erently  from  the  other  three  diseases.  Beginning 
in  October  it  gradually  ascended  and  did  not  reach  its  maximum  height  until 
fifteen  weeks  later.  Aside  from  the  fact  of  its  gradual  ascent,  the  scarlet  fever 
curve  resembles  pneumonia  and  meningitis  more  closely  than  it  does  measles. 

There  are  many  factors  which  have  governed  the  incidence  of  these  variotis 
diseases.  In  these  curves,  measles  stands  out  as  a  disease  of  distinctly  epidemic 
character,  a  disease  that  is  highly  infectious  and  spreads   rapidly.     It  is  only 
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SEASONAL  OCCURRENCE  OF  COMMUNICABLE  DISEASE  IN 
NATIONAL  GUARD  AND  NATIONAL  ARMY  CAMPS 

6  WINTER    MONTHS,  SEPT29,I9I7T0  MAR.Z9,l9lfi.  . 

A/t}T£:  P/teare   inc/&enee     is 
t^foressr^  ift    Yerms    of  Annva/ 
/?a^e  />er  /OOO    Meas/es   //as  Jrrir 
p/offed    /■»   sca/e      Saar/rf  /r^'er 

Zf ,    Pneumon/a    ra-fKs  Ay  £^  ait^ 
A^^enmy'/y-is    /mtfs  Ay   S'O. 

Pnet/^najt/a    a  fid  A^epr/*t  ^/•/■/'s  sJtctr 
«////«/- ««»*    frvm    ^Ae    cz/fKej 


300. 


S     /z     /<r    2(    Z      9     Ji     Z3    SO     7     /4    Z/   ^B     4     //     /S    2S^     /      S     /^  22      /      3     /T  22   27 


OCTOBER 

A/CVEMBE^ 

PECEA^BEF 

JAf^L/ARY 

FEBRUARY 

ANARCH 

HfOC- 

/     \   M 

EASLES 

1         \ 
1           I 
/             \ 

/              \ 

$ 

?AffL£r  rEv 

'£R 

I    \ 

A 

/\ 

/\ 

^ 

1                    \ 
1                     \ 

1                      ■\ 

1 

/     \ 

/   V 

1         ^ 

^   \ 

1 
1 
1 

/> 

\ 

1 

1                         j 

\ 
\ 

1 

1 
1 
1 

\ 

\ 

/ 
'       / 

1      '      1 

'       1 

1  I 

■■         ■:            !           1 

1       1 

Chart    XI. 


the  susceptibles  or  those  wln)  h;i\c  not  had  measles  who  are  atlaeked.  Ipon 
exhausting  the  susceptible  material  the  disease  disappears.  This  fact  will  he 
appreciated  when  we  recite  the  experience  at  ("am])  Wheeler.  (See  (hart  XXI.) 
I'rom  an  annual  morbidity  rate  of  21Q(}  for  the  week  ending  Xov.  Ifi.  the  rate 
<lropped  to  zero  on  Jan.  11th,  and  with  the  exception  of  a  few  cases  during  three 
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weeks  in  February  and  jNIarch,  there  has  not  been  a  single  case  of  measles  at 
Wheeler  as  late  as  June  28th. 

This  is  a  remarkable  illustration  of  how  a  disease  such  as  measles  can 
literally  take  a  census  of  every  susceptible  individual  in  the  camp  and  when  fin- 
ished, die  out  completely  for  want  of  further  sustenance. 

With  measles  it  matters  not  as  to  the  condition  of  health.  The  disease 
progresses  as  the  infection  is  spread  amongst  the  susceptible  population. 

\\'ith  pneumonia  and  meningitis  it  is  ditterent.  Tests  have  shown  that  many 
people  carry  the  germs  of  these  diseases  and  yet  possess  good  health.  It  is  not 
until  the  vital  resistance  is  lowered  sufficiently  by  fatigue  or  exposure  that  the 
disease  germs  present  become  activated  and  pass  through  the  body's  protective 
gates  which  have  been  opened  to  them. 

Scarlet  fever  resembles  pneumonia  and  meningitis  in  the  curves  more  so 
than  it  does  measles.  This  was  epidemic  in  a  few  camps  but  was  far  less  preva- 
lent and  less  widespread  than  measles.  Every  camp  had  measles,  pneumonia  and 
meningitis.  There  were  no  cases  of  scarlet  fever  reported  at  two  camps  and 
the  morbidity  rate  was  less  than  1.0  per  1000  in  nine  camps. 

From  the  statistical  analysis  before  us  scarlet  fever  is  less  infectious  than 
measles,  is  less  widely  disseminated,  and  has  less  susceptibles  among  the  population. 

TYPHOID    AND    PARATYPHOID 

Typhoid  fever  and  its  associated  disease  paratyphoid  have  been  of  slight 
consequence  in  the  American  army  during  the  past  winter.  But  three  camps 
showed  it  to  any  extent  and  even  here  the  incidence  was  very  low.  Camps 
Dix,  Bowie,  and  Sheridan  had  annual  morbidity  rates  per  1000  of  2.1,  1.4  and 
0.9,  respectively.  These  figures  are  relatively  high  as  compared  with  the  follow- 
ing rates  for  people  at  all  ages  : 


Kansas 

1.3 

Virginia 

1.1 

Virginia 

.73 

Massachusetts 

.31 

Michigan 

.29 

As  over  against  this,  however,  there  were  12  camps  that  did  not  have  a  single 
case  of  typhoid  or  paratyphoid.  Included  in  this  list  are  Wadsworth,  Wheeler, 
Cody,  Doniphan.  Shelby,  Beauregard,  Kearny,  Jackson,  Sherman,  Custer,  Grant 
and  Pike.  Comparative  death  rates  for  the  army  and  people  of  all  ages  in  civilian 
life  during  the  six  winter  months  of  the  past  year  are  given  in  Table  24. 

This  result  would  be  even  more  striking  if  the  civilian  rates  were  com- 
puted merely  for  the  age  period  20  to  29  years,  in  which  age  group  typhoid  is 
most  prevalent. 

It  would  be  difficult  to  put  forward  testimony  of  a  more  striking  nature  as  to 
the  efficacy  of  the  preventive  measures  now  being  utilized  in  the  army  against 
typhoid  fever.  To  be  sure,  the  past  season  has  not  been  the  typhoid  part  of  the 
year  and  it  is  possible  that  the  value  of  the  typhoid  prophylaxis  will  be  more 
severely  tested  during  the  warmer  weather  and  the  tly  season. 

The  American  soldier  today  has  found  the  army  camp  a  safer  place  to 
dwell,  so  far  as  typhoid  fever  is  concerned,  than  in  the  most  favorably  situated 
civilian  community.  Chart  XII  has  been  inserted  to  show  the  decline  in  the 
typhoid  death  rate  in  the  American  armv  since  1897. 
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TYPHOID   FEVER 
Table  24 

Typhoid  and  Paratyphoid  in  Army  and  Civil  Life 
Annual  Death  Rate  per  100,000 


All  troops  in  U 

s. 

1.3 

National  Armv 

Camps 

(16) 

2.3 

National  Guard  Camps 

(13) 

.6 

Massachusetts 

4.1 

New  York  City 

i2 

Vermont 

4.4 

St.  Louis 

5.2 

Connecticut 

6.4 

Colorado 

10. 

Michigan 

11. 

Virginia 

18. 

Maryland 

18. 

Kansas 

22. 

Kentucky 

28. 

^Delaware 

00. 

*It   is   of   passing   interest  that  the  National   Army   camp  with   tne   mgliest   typhoid   morbidity   rate    (Dix)    is 
a  mobilization   point   for   Delaware  troops. 


BANISHING    TYPHOID  FEVER  FROM  THE   U.S.  ARMY 

S/A/C£    TH£    TPOOPS     WEP£     VACC/NATEP 

THE    TYPHOID   DEATH    HAT£    HAS    ALMOST 

P/5APPEAREO 


/9fO-ZOX  ef  7f-oofo3  y<tecjrtateei 


/9//-30%  «/  Tr-«i^  Vttciitat*.)^ 


19/2- £ntire  Army  \Ueein**rd \ 


'96  99         'OO  'O/  '02  03  (H  OS  C*  07  O0  09  '/O  'li  "'V  ''3  '■4  '/S 


Chart    XII, 


A/OT£ 

^ifufrs  for  Cir'f  /'/V    rmftr^atnt 
O  S  ffajistrat'/en    Area. 
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DIPHTHERIA 


Deaths  from  diphtheria  have  occurred  in  only  seven  out  of  29  camps,  the 
rates  for  which  are  as  follows : 

(Annual  Death  Rate  per  100,000) 


Pike 

Funston 

Dodge 

Cody 

Custer 

Doniphan 

Logan 


30 
22 
18 
17 
10 
S 
7 


The  death  rate  for  diphtheria  and  croup  in  the  U.  S.  Registration  Area  in  1915 
for  all  ages  was  15.7.  , 


TUBERCULOSIS 

As  illustrated  in  an  earlier  table  the  tuberculosis  death  rate  in  the  Army  is 
much  lower  than  in  civil  life,  owing  to  the  elimination  of  the  tuberculous  by 
physical  examination.  Many  recruits  with  undetected  tuberculosis  passed  into 
the  x^rmy,  however,  and  the  deaths  of  some  of  these  occurred  within  the  past 
six  months. 

The  tuberculosis  death  rate  for  the  Guard  and  the  National  camps  is  given 
in  Table  25 : 

Table  25 

Tuberculosis  in  Army  Camps 

Annual  Death  Rate  per  100,000 


CAMP 

ARMY    GROUP 

RATE 

Wheeler 

N.G. 

80 

Pike 

N.  A. 

44 

Beauregard 

N.G. 

43 

Wadsworth 

N.  G. 

39 

Sherman 

N.  A. 

38 

Lee 

N.  A. 

32 

Funston 

N.  A. 

30 

Kearny 

N.  A. 

29 

Upton 

N.  A. 

27 

Grant 

N.  A. 

23 

Jackson 

N.  A. 

22 

Gordon 

N.  A. 

21 

Custer 

X.  A. 

20 

Dix 

N.  A. 

19 

Sevier 

N.G. 

15 

Dodge 

N.  A. 

9 

Sheridan 

N.G. 

9 

McClellan 

N.G. 

8 

Tavlor 

N.  A. 

« 

Shelby 

N.G. 

8 

Travis 

N.  A. 

7 

Hancock 

N.G. 

6 

Lewis 

N.  A. 

6 

Logan 

N.  G. 

0 

Cody 

N.  G. 

0 

Doniphan 

N.  G. 

0 

Rovvie 

N.G. 

0 

Devens 

N.  A. 

0 

JNIeade 

N.  A. 

0 
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EPIDEMIC    BRONCHITIS 

This  diseaj^e  has  prevailed  at  all  camps,  but  the  only  detailed  report  we  have 
had  is  from  the  epidemiologist  at  Fort  Oglethorpe.  In  view  of  the  fact  that 
this  and  allied  ailments,  which  are  looked  upon  as  of  minor  significance,  are  so 
widespread  and  so  common  to  all  camps  and  are  so  largely  responsible  for  hos- 
pital and  quarters  cases  of  a  few  days'  duration,  each,  it  is  felt  that  a  description 
of  the  situation  as  reported  from  Oglethorpe  is  of  especial  interest.  Illnesses 
of  this  character  have  assumed  added  importance  since  they  have  come  to  be 
regarded  as  predisposing  factors  to  such  diseases  as  pneumonia  and  meningitis. 

Bronchitis  has  been  well-nigh  unixersal  in  the  Oglethorpe  group  of  camps. 
Within  ten  days  after  their  arrival  newcomers  have  generally  been  attacked,  the 
symptoms  often  being  pronounced  from  the  start.  Sneezing  and  coughing  are 
early  signs.  In  the  barracks,  mess  halls,  lecture  rooms  and  places  of  amusement, 
during  November,  December  and  January  there  was  seldom  a  moment  when 
coughing  was  not  noticeable  and  continuous.  It  is  estimated  that  80  per  cent  of 
all  the  troops  were  ailected.  The  epidemic  abated  in  February  with  the  advent 
of  warm  weather.  Laboratory  findings  do  not  agree  that  any  single  organism  has 
been  the  cause.  Streptococci,  staphylococci,  influenza  bacilli  and  other  organisms 
found  in  the  noses  and  throats  of  healthy  people  and  sometimes  associated  with 
disease  have  been  isolated,  but  not  under  circumstances  which  have  led  to  any 
of  these  germs  being  demonstrated  as  the  microbic  cause  of  the  bronchitis.  The 
infectious  matter  has  passed  from  person  to  person,  probably  in  three  wavs : 
First,  men  have  talked  with  one  another  at  close  range,  permitting  mouth  germs 
to  be  projected  directly  into  one  another's  faces.  In  the  second  place,  there 
has  been  a  general  impregnation  of  the  atmosphere  in  confined  spaces.  In  the 
,  third  place,  articles  handled  by  the  infected  have  been  transmitted  to  others.  In 
'  these  ways  the  amount  of  infectious  matter  which  has  passed  from  person  to 
jierson  must  have  been  large  and  meeting  a  lowered  resistance,  the  infection  has 
rapidly  spread. 

Predisposing  and  contributing  causes  existed  to  some  extent.     'I'he  weather 

was  unfavorable.     Changes  in  the  temperature  were  frequent  and  marked.     The 

lund  was  cold,  the  air  damj)  and  the  nights  cold.     (  )ften  men  did  not  have  dry 

-..(jes  for  weeks  at  a  time.     Some  spent  the  entire  winter  in   khaki.     The  men 

themselves   were  ignorant   of   simple  personal   ])recautions   which    might   greatly 

have  lessened  their  chances  of  infection.     All  of  the  severe  cases  have  gone  to 

ilie  hospital.     The  universal  ])revalence  is   significant  both  on  its  (^wn  account, 

iiid  because  of  the  light  which  it  throws  upon  the  sjjread  of  other  resjMratory 

diseases  in  these  camps.      Although  most  ])ersons   regard   bronchitis   with  coni- 

irative  indifference,  it  is  a  disease  of  nuich  significance.     It  is  the  common  saying 

long  the  troops  that  the  "'broncliial  cold"  which  attacks  them  soon  after  their 

•trrival  remains  with  them  as  long  as  they  stay  in  camp.     Its  characteristic  hard, 

'  \l)losive  cough  remains  after  other  s\ni])toms  have  disappeared,     h'or  the  time 

'iften  unfit>  a  man   for  dul\-  and  iken-  are   few  sufierei's  whose  efficiency   has 

■I  been  impaired  1)\-  it.     Tlie  bronchial  pneinnonias  ot   tliese  camps  have  \k\-\\ 

'•quent   sequehe   to   bronc]iili>.      Whether   broncliili^    renders   a   man    especially 

-ce])til)le  to  other  acute   re>iiirai"ry   diseases   is  a   (|uesti<in   of   much   interest. 

'  iInc  pneinronia  one  attac'k  does  ni 't  ]irotect  against  others,  but   on  the  conlrarv 
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seems  to  predispose  its  victim  to  subsequent  attacks.  It  is  probable  that  bron- 
chitis reduces  resistance  to  measles,  scarlet  fever,  pneumonia  and  other  such 
diseases.  The  part  which  bronchitis  may  play  in  the  spread  of  other  respiratory 
infections  gives  reason  for  regarding  it  as  a  camp  disease  of  the  utmost  im- 
portance. A  carrier  of  meningitis  may  be  relatively  harmless  so  long  as  he  is  in 
good  health,  for  then  the  germs  which  he  harbors  are  fairly  well  locked  up  in 
his  nose  and  in  his  throat,  but  when  he  experiences  an  attack  of  bronchitis  he 
sneezes  and  coughs  and  at  each  paroxysm  germs  are  shot  into  the  air.  Therefore^ 
it  is  reasonable  to  suppose  that  measles,  scarlet  fever  and  other  respiratory  dis- 
eases have  been  spread  by  bronchitic  soldiers.  It  may  be  asked  if  the  exchange 
of  bacteria  from  the  nasal  pharynx  is  so  general,  why  is  it  that  more  sickness 
has  not  occurred.  The  answer  probably  is  that  most  robust  soldiers  possess  a 
fair  degree  of  immunity  acquired  either  by  one  attack  as  in  the  case  of  measles,. 
or  by  frequent  exposure  without  sufifering  from  the  disease. 

The  bronchitis  which  has  prevailed  in  these  camps  may  be  designated  as  an 
acute  infectious  inflammation  afifecting  in  rapid  succession  downward  the  naso- 
pharynx, the  larynx,  trachea,  and  first  and  second  divisions  of  the  bronchial 
mucosa.  The  symptoms  are  coryza,  chilly  sensations,  hoarseness  and  soreness 
of  throat,  weakness,  muscular  soreness  and  slight  fever  (100  to  101  degrees). 
In  severe  cases  the  temperature  may  rise  to  103  degrees  with  the  correspondingly 
rapid  pulse  accompanied  by  substernal  soreness  and  tightness  of  the  chest.  At 
first  the  cough  was  dry  and  unproductive.  It  frequently  occurs  in  paroxyms 
causing  muscular  pain  and  soreness  along  the  costal  margin  at  the  attachment  of 
the  diaphragm.  On  the  third  or  fourth  day,  as  a  rule,  the  cough  loosens  and  ex- 
pectoration appears.  At  first  it  is  scanty  and  mucous,  later  it  is  abundant  andi 
muco-purulent.  Only  negative  results  are  obtained  on  palpation  and  percussion.) 
On  ausculation  sibilant  rales  may  be  noted,  except  when  resolution  begins,  when 
tine  and  coarse  mucous  rales  are  to  be  heard.  The  breath  sounds  are  harsh. 
Bronchitis  may  be  associated  with  other  diseases  such  as  measles,  mumps  or 
scarlet  fever.  When  not  complicated,  recovery  occurs  at  best  within  a  week, 
although  a  chronic  form  may  supervene  and  continue  for  months. 

Although  chronic  bronchitis  as  seen  in  the  quarantine  camps  is  believed  to 
be  a  definite  entity,  it  is  not  always  so  diagnosed.  Cough,  elevation  of  tem- 
perature and  muscular  soreness  accompany  acute  nasopharyngitis  and  tracheo- 
laryngitis  as  frequently  as  bronchitis.  A  positive  diagnosis  of  bronchitis  i-i 
impossible  unless  harshness  of  breath  sounds,  sibilant  and  sonorous  rales  art 
audible,  or  in  a  stage  of  resolution,  fine  and  coarse  mucous  rales  are  heard 
]\Iany  cases  are  diagnosed  as  bronchitis  from  the  symptoms  alone. 

Pneumonia  is  not  frequently  preceded  by  acute  bronchitis,  and  acute  bron 
cliitis  rarely  terminates  in  pneumonia  except  when  it  accompanies  measles.  I 
measles  there  may  be  an  extension  to  the  terminal  bronchi,  and  the  inter-com 
municating  air  cells,  under  which  circumstances  bronchopneumonia  develops. 

INFLUENZA  jt  I 

Influenza,  like  bronchitis,  has  prevailed  widely  and  we  are  indebted  again  m 
the  epidemiologist  at  Oglethorpe  for  a  description  of  this  disease  which  undotibt) 
edly  describes  the  situation  at  many  camps. 

A  disease  strongly  resembling  influenza  became  prevalent  in  the  OglethorpJ 
camps  about  ^larch   18,   1918.     It  soon  assumed  endemic  proportions.     Withii 
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two  weeks  every  organization  in  Camp  Forrest  and  the  Reserve  Officers'  Train- 
ing Camp  was  affected.  It  seems  to  have  visited  only  a  part  of  Camp  Greenleaf. 
The  War  Prison  barracks  were  not  invaded.  After  about  three  weeks  the  epi- 
demic subsided  rapidly.  The  number  of  cases  sent  to  hospital  or  to  quarters 
was  1468  in  a  total  strength  of  28,586.  Owing  to  the  fact  that  many  cases  w^ere 
not  severe,  the  total  number  of  officers  and  men  attended  can  not  be  given;  an 
estimate  based  on  replies  to  a  circular  letter  of  inquiry  to  the  several  organiza- 
tions, indicates  that  not  less  than  2,900  cases  have  occurred  in  Chickamauga 
Park. 

The  attention  of  the  Camp  Surgeon's  Office  was  called  to  the  existence  of 
this  disease  on  Alarch  18th  at  which  time  the  writer  saw  a  number  of  men 
appear  at  sick  call  in  the  51st  Infantry,  suft'ering  with  the  disease  which  the 
regimental  surgeons  were  unable  to  diagnose.  The  symptoms  were  as  follows : 
Headache,  pain  in  the  bones  and  muscles,  especially  the  muscles  of  the  back, 
marked  prostration,  fever  (sometimes  as  high  as  104).  Sometimes  there  was 
conjtmctivitis,  coryza,  a  rash  and  possibly  nausea,  recovery  taking  place  in  a 
few  days. 

In  most  cases  a  definite  diagnosis  was  not  made  at  the  regimental  sick  call, 
but  at  the  receiving  ward,  when  a  name  was  given,  it  was  usually  called  influenza. 

C)n  April  3rd  it  was  recommended  that  steps  be  taken  to  ascertain  from  the 
several  organizations  under  the  supervision  of  the  camp  surgeon  and  from  other 
camps  in  the  Oglethorpe  region,  the  essential  facts  concerning  the  nature  and 
epidemiological  progress  of  the  disease.  A  circular  letter  of  inquiry  ui)()n  these 
lines  was  sent  out  on  April  4th  to  all  organizations.  Replies  to  this  question- 
naire indicated  that  the  disease  was  first  noticed  in  epidemic  form  on  March 
18th  in  the  51st  Inf.  In  some  organizations  all  cases  were  sent  to  hospital:  in 
others  their  cases  were  treated  in  quarters  or  in  the  regimental  infirmary.  This 
does  not  mean  that  the  disease  was  more  severe  in  some  organizations  than  in 
others.  Dift'erence  in  the  disposition  of  the  sick  dei)ended  not  so  much  u])on 
the  severity  of  the  case  as  upon  the  local  facilities  for  dealing  with  them. 
Records  show  that  there  were  twice  as  many  patients  dealt  with  in  quarters  as 
in  hospitals  and  there  were  proljabl}-  twice  as  many  cases  existing  as  were  carried 
on  sick  report. 

The  replies  were  unanimous  in  stating  that  the  disease  was  not  restricted 
to  recruits  nor  to  men  who  had  already  experienced  or  failed  to  exjierience  an 
attack  of  measles,  ( ierman  measles,  or  scarlet  fever.  (  )ne  attack  did  not  jn-otect 
against  another. 

In  all  the  organizations  the  epidemic  was  first  located  in  companies  before 
it  became  general.  In  many  instances  a  large  proportion  of  the  men  were 
atlecled.  According  to  the  registrar  of  the  I'.ase  Hospital,  fully  one-half  of  the 
total  number  of  patients  in  the  hospital  had  the  disease.  The  rate  at  which  the 
epidemic  ])rogressed  made  it  inipo>sil)U-  to  trace  its  patli.  if  indeed  it  tidlowed 
ail)-. 

The  incubation  period  was  short,  usually  not  over  one  or  two  days.  In- 
stances were  f(jund  in  which  men  isolated  in  ([uarantine  were  allacked  apiiarenlly 
through  contact  with  those  who  brought  them  food  or  approached  thein  tor 
"ther  reasons.  At  the  I'ost  Hos])ilal,  a  number  of  surgical  cases  in  tent.s  were 
infected,  apparentlv  by  an  orderly.     In  (  o.  1'..  ot'  the  15tli  Machine  (  dm  r..Utalion. 
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which  was  in  quarantine  on  account  of  scarlet  fever,  nearly  every  one  present 
was  attacked.  In  Company  A,  52d  Infantry,  a  company  which  was  quarantined, 
the  men  appeared  to  be  protected  by  reason  of  their  isolation. 

Some  organizations  suffered  more  than  others  for  no  apparent  reason.  The 
52d  Infantry  had  the  most  and  the  54th  Infantry  the  fewest  cases.  In  the  52(1 
Infantry  and  the  15th  Machine  Gun  Battalion,  one  in  every  seven  of  the  officers 
and  men  were  on  sick  report.  In  one  ambulance  company  the  proportion  was 
one  to  six,  while  in  others  it  ran  as  low  as  one  to  twenty-five. 

The  possibility  that  the  disease  which  has  just  become  epidemic  has  long 
existed  in  these  camps  in  sporadic  form,  but  has  not  hitherto  attracted  notice 
because  of  its  infrequency,  has  received  careful  consideration.  At  first  there 
seemed  much  to  recommend  this  theory.  Clinicians  on  the  hospital  staff"  claimed 
to  have  seen  the  disease  at  times  since  the  summer  of  1917.  They  say  that  it 
became  rather  prevalent  in  September.  It  is  believed  by  some  that  the  germ  of 
influenza,  like  that  of  some  other  diseases,  is  constantly  present  in  every  large 
community;  that  it  is  not  always  virulent,  but  under  certain  conditions  it  acquires 
increased  virulency. 

If  the  organism  which  has  caused  the  present  epidemic  has  long  been  in 
existence  in  the  Oglethorpe  camps,  it  is  not  apparent  why  it  has  suddenly  become 
so  active.  It  would  seem  that  the  conditions  for  its  epidemic  prevalence  have 
existed  for  a  long  time.  Recent  weather  conditions,  uncomfortable  as  they  have 
been,  have  not  been  so  disagreeable,  as  they  were  in  January.  The  theory  that 
the  explosion  is  of  local  origin  needs  a  better  explanation  than  can  apparently 
be  given  it. 

The  weather  was  cloudy,  damp  and  chilly.  It  was  not  cold  nor  wet,  but 
the  nights  and  especially  the  mornings  were  decidedly  damp  and  uncomfortable. 
The  difference  between  the  air  indoors  and  out  was  marked.  Drafts  were  par- 
ticularly noticeable. 

Reviewing  these  facts  about  the  weather,  it  can  not  be  said  w^ith  certainty 
that  the  conditions  of  temperature  and  humidity  have  had  much  to  do  with  the 
epidemic,  nor  can  it  be  denied  that  they  played  an  important  part  in  predis- 
posing the  troops  to  attack.  Obviously  the  weather  conditions  have  led  the 
men  to  gather  together  indoors  where  they  have  been  especially  exposed  to 
infection  from  one  another,  and  it  has  had  a  chilling  effect  which  is  an  important 
factor  in  the  progress  of  all  respiratory  infections. 

An  inquiry  was  made  to  ascertain  whether  the  troops  were  exposed  to 
an  unusual  extent  to  the  weather,  to  excessive  fatigue,  or  in  any  other  way 
before  or  after  the  epidemic  started.  This  line  of  investigation  brought  no 
suggestive  information  to  light. 

No  exceptional  prevalence  of  influenza  or  other  similar  infectious  disease 
has  existed  in  Chattanooga  or  in  the  extra  cantonment  zone.  An  effort  was 
made  to  shed  light  on  the  identity  of  the  disease  by  studying  the  record  of  other 
cases  of  sickness  w^hich  had  been  sent  to  the  hospital  under  the  designations  of 
"fever,  type  undetermined"  and  ''influenza"  during  the  six  months  preceding 
the  epidemic.  These  designations  have  never  been  definite ;  they  have  seldom 
been  based  on  conclusive  evidence  at  the  hospital.  Bacteriological  examination? 
have  seldom  proved  the  influenza  bacillus  to  be  the  causative  agent  of  the  cases 
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called  "influenza."  From  time  to  time  this  bacillus  had  been  found  in  the  secre- 
tions of  the  nose  and  throat  of  troops,  but  has  not  been  proved  to  be  the  cause 
in  any  large  amount  of  sickness.  "Fever,  type  undetermined''  and  "influenza" 
have  been  merely  convenient  expressions  by  which  to  designate  cases  of  an  inde- 
I  terminate  sort  which  demanded  treatment  and  had  to  be  called  something. 
!  Of  a  series  of  161  cases  of  "fever,  type  undetermined"  sent  to  the  hospital 

before  the  present  epidemic  broke  out,  59  turned  out  to  be  bronchitis  and  41 
pneumonia;  61   were  called  "influenza."'     In  some  instances  "fever,  type  unde- 
i  termined"  had  been  found  to  be  measles,  scarlet  fever,  otitis  media  and  menin- 
1  gitis.    Out  of  189  cases  diagnos<^;d  "influena"  at  the  regiments,  150  turned  out  at 
the  hospital  to  be  some  other  disease. 

It  is  probable  that  the  epidemic  disease  was  recently  brought  to  these  camps. 
If  it  is  genuine  influenza,  and  the  epidemiological  features  no  less  than  the  lead- 
;  ing  symptoms  seem  to  point  to  that  disease,  there  is  here  offered  the  most  rea- 
!  sonable  explanation  of  the  outbreak  which  is  now  possible.     No  other  disease 
spreads  so  fast  or  is  so  prostrating,  considering  its  symptoms.     Influenza  may 
l)e  nearly  explosive  in  character.     It  spreads  as  rapidly  as  personal  communication 
permits.     Personal  contact  is  intimate  in  the  Oglethorpe  camps,  especially  be- 
tween men  in  companies  and   regiments.     To  some  extent  the  regiments  keep 
-eparate,  but  there  is  a  general  mixing  at  places  of  amusement  in  camp  and 
Lhattanooga.     It  is  worthy  of  remark  that  the  regular  Officers"  Training  Camp 
i?  an  organization  which  mingles  Init  little  with  others  in  the  Oglethorpe  camps, 
and  that  here  the  epidemic  was  late  in  appearance.     The  same  may  be  said  of 
part  of   Camp   Greenleaf.     The   War  Prison   Camp  is   entirely   separate  and 
-^aped  infection.     The  epidemic  seems  to  have  burned  out  for  want  of  suitable 
iiiaterial,  probably  with  the  gradual  but  rapid  decrease  in  virulence. 

Reviewing  the  whole  subject,  it  may  be  said  that  an  epidemic  of  influenzal 
ilisease  became  prevalent  in  the  Oglethorpe  camps  toward  the  latter  part  of 
-March,  1918.  The  identity  of  the  disease  has  not  been  positively  determined 
I  tier  nearly  a  month  of  observation.  It  may  have  been  an  outburst  of  a  form 
"f  sickness  which  has  long  existed  in  sporadic  form  in  these  cam])S.  It  may  have 
jbeen  brought  to  the  camps  from  outside.  The  weight  of  evidence  is  in  favor  of 
'the  latter  theory. 

It   is  a  highly  infectious   disease  with   a   short   period   of   incubation.      The 

'  ather  has  encouraged  the  epidemic,  but  is  not  apparently   responsible.     The 

-ease  is  respiratory  in  type,  with  a  strong  resemblance  to  influenza  in  some  of 

'-  most  characteristic  sym])toms,  as  note  the   fever,  pain   in  the  back   and  legs 

ind  great  prostration. 

The  cause  of  the  rapid  s])read  undoubtedly  lies  in  the  gn-at  iiifoctivity  of 
lie  causative  agent,  its  short  i)eri()<l  of  incubation  and  the  intermingling  of 
he  troops.  r)ne  thing  seems  clear,  the  disease  could  never  si)rea(l  unless  the 
luccal  or  nasal  discharge  of  the  sick  got  into  the  mouths  or  noses  of  susceptible 
'crsons.  The  nature  ot'  tlie  e])idemic  seems  to  show  the  extent  to  which  this 
nterchange  takes  place  under  the  conditions  which  surround  these  troo]is. 

AXVI.VSIS   OF   CAlSliS  ol-    DlSKASi:    I  \    Till:     \KMN 

In  the  preceding  pages  we  have  set  forth  the  primary  data  of  disease  inci- 
<  lice  in  the  army  as  a  whole  and  for  certain  National  (  iuar<l  ancl  Xational  Army 
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camps.  It  has  been  pointed  out  that  respiratory  disease  has  prevailed  to  a  much 
greater  extent  in  the  army  than  in  civiHan  hfe.  In  the  army  77  per  cent  of  all 
deaths  were  caused  by  this  group  of  six  diseases  during  the  period  covered.  In 
civilian  life  but  43  per  cent  of  all  deaths  in  a  comparable  age  group  are  due  to 
respiratory  disease. 

The  most  important  of  these  six  diseases  is  pneumonia  in  that  about  80  per 
cent  of  the  deaths  from  the  respiratory  group  are  attributable  to  this  one  cause. 
Meningitis  is  second  in  importance  in  being  responsible  for  15  per  cent  of  the 
deaths  in  the  respiratory  group.  This  leaves  but  5  per  cent  of  the  group  to  br 
accounted  for  by  the  four  other  diseases — tuberculosis,  measles,  scarlet  fever 
and  diphtheria. 

Pneumonia  and  meningitis  are  important  not  only  because  thev  cause  > 
many  deaths,  but  because  the  excess  of  these  two  diseases  over  that  in  civil 
life  is  more  pronounced  than  the  excess  of  other  diseases  in  the  army  over  their 
extent  in  civil  life.  In  the  calculation  made,  meningitis  was  seen  to  be  45  time- 
greater  in  the  army,  pneumonia  12  times  greater.  Measles  was  19  times  greater 
in  the  army  but  this  is  not  of  as  great  significance  as  the  other  two  as  the  out- 
come is  less  fatal.  Scarlet  fever  and  diphtheria  are  only  slightly  more  prevalen* 
in  the  armv  than  in  civil  life.  It  is  the  underlying  cause  of  this  excess  diseasi 
incidence  in  army  camps  that  we  are  particularly  interested  to  discover. 

We  have  noted  that  there  is  a  wide  variance  in  the  rates  at  the  differen 
camps  and  although  the  average  for  all  troops  is  raised  by  excessive  rates  in  , 
few  camps,  the  majority  of  the  camps  still  have  rates  appreciably  above  the  rat( 
for  civil  life.  Certain  influences  seem  to  be  acting  on  all  camps  and  certain  othe 
influences  are  confined  to  a  certain  group  of  camps.  We  may  classify  thesi 
influences  under  three  main  heads.  The  prevalence  of  disease  may  be  attribute! 
to  one  or  more  of  these  causes : 

1.  Weakening  of  the  resistance  of  the  soldier  due  to 

(a)  Exposure  to  severe  weather. 

(b)  Insufficient  clothing. 

(c)  Inadequate  housing,  lack  of  heat.  ^ 

(d)  Fatigue.  H'"^f 

2.  Unusual  facilities  for  the  transmission  of  the  infective  agent  by — 

(a)  Close  contact  with  carrier  cases. 

(b)  Undetected  cases  among  new  recruits. 

(c)  Importation  of  mildly  sick  men  and  carriers  from  other  camps. 

(d)  Association  with  civilian  community. 

(e)  Overcrowded  quarters. 

(f)  Inadequate  hospital  care  of  patients. 

(g)  Unsanitary  conditions  in  general. 

3.  Natural  susceptibility  to  disease.  •■ 

(a")   Racial  influence. 

(b)  Efifect  of  rural  life.  ^k%i 

(c)  Climatic  influence.  _  Vk 
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1.  influence  of  tfiose  factors  which  bring  on  physical  debility 

Under  this  heading  we  may  consider  the  influence  of  those   factors  which 

lower  the  physical  tone  of  the  body  and  make  the  natural  defenses  of  the  body 

less   resistant.      The   recruit    fresh    from   civilian   life   undergoes   a   considerable 

change  in  liis  mode  of  living  on  entering  camp.     There  he  becomes  a  part  of  a 

I  vast  machine.     He  has  less  opportunity  to  cater  to  his  personal  wants.     He  is 

'  out  of  doors  more.     He  is  apt  to  become  chilled  or  wet.     He  sleeps  in  colder 

1  quarters,  and  not  only  sleeps  but  lives,  eats,  undresses  and  dresses,  bathes,  etc., 

\  in  colder  quarters.     Being  out  of  doors  more  his  appetite  is  greater.     He  eats 

I  more  heartily.     He  is  inclined  to  overeat.     In  his  desire  to  get  ahead  in  com- 

j  petition  with  his  associates  he  is  apt  to  work  harder,  to  become  unduly  fatigued. 

When  indoors,  in  an  etTort  to  keep  warm,  he  joins  the  crowd  about  the  stove. 

I  He  may  be  subjected  at  times  to  overheated  atmospheres.  — - 

i  Each  and  all  of  these  influences  tend  to  pull  down  the  phvsical  resistance  of 

the  recruit.     They  put  a  strain  upon  him  and  especially  so   upon   the  man  zvho 

hasn't  been  used  to  this  sort  of  thing.     It  is  the  untrained  individual  who  feels 

ihe  rigors  of  camp  life  most  keenly. 

I         With  a  realization  of  this  state  of  things  we  may  consider  to  what  extent 

these  factors  have  acted  at  the  dififerent  camps.    First  we  are  confronted  with  the 

facts  so  strikingly  illustrated  in  the  charts,  namely — 

The  morbidity  rate  from  pneumonia  is  greatest  in  Camps :    Bowie,  Wheeler, 
Travis,  Pike  and  Cody. 

The  death  rate  from  all  causes  is  greatest  in  Camps :   Pike,  Wheeler,  Beaure- 
gard, Bowie  and  Jackson. 

Tlie  morbidity  rate  from  meningitis  is  greatest  in  Camps  :    Jackson,  Beaure- 
gard, Funston,  Doniphan  and  Bowie. 

The    morbidity    rate    from   measles    is    greatest    in    Cam[)s :      Pike.    Bcnvie, 
Wheeler,  Sevier  and  Beauregard. 

The  death  rates  from  all  causes  are  lowest  at  Camps :     Sheridan,  Hancock, 
A^'adsworth,  McClellan  and  Logan. 

The    morbidity    rates    from    pneumonia    are    hra'cst    at    Camps :      Sheridan, 
iVadsworth,  Dix,  Custer  and  Hancock. 

The  morbidity   rates    from   meningitis  are   loi^'est   at   L'ani])s :      Wadsworth, 
-Ogan,  Devens,  Dix  and  I'pton. 

The  morbidity  rates  from  measles  are  lowest  at  Cam])s  :     Dix,  Lewis.  Han- 
ock,  Wadsworth  and  L^pton. 

In  the  face  of  the  above  we  sliould  expccl,  that  if  exposure  were  a  factor  in 
creased  disease  incidence,  that  the  exposure  was  the  same  at  each  of  the  camps 
here  disease  was  ])revalent,  and  that  this  exposure  was  entirely  different  from 
at  at  the  cam])S  where  disease  was  rare.     We  may  cxaniinr  ibis  point   fiuTher. 

(a)    Weather. — The   weather   of   tlie   i)asl    winlir   lia-   bi'cn    nni(|uc   in    some 

Spects.      I-,ast   of   the    Rockv    Mountains,   the   tc^nqjcralnrc   in   i^cncral    has   been 

,e  coldest  in  46  years.     West  of  the  Rockies  it  has  bi'en  the  warnioi  in   !(>  vears. 

At   .Macon,  (  ia.,  (  )ctober,   1917,  was  tlu'  third  coldest   (  )ctober  and  January, 

18,  was  the  coldest  January  in  40  years.     January  was  ;in  unusually  cold  month 

San  Antonio,  Texas.     Octolier,  1917,  wa^  the  coldest  and  January.   1918.  the 
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third  coldest  in  Chicago  for  46  years.  December,  1917,  and  January,  1918,  were 
the  coldest  Xew  York  City  has  seen  for  46  years; 

At  Los  Angeles,  Cal.,  the  year  1917  witnessed  the  warmest  December  in  40 
years  and  this  holds  true  for  Walla  Walla,  Washington.  Weather  data  are 
reported  graphically  in  Chart  XIII. 

If  the  low  temperature  had  been  a  prime  factor  in  the  cause  of  disease  we 
should  expect  the  northern  camps  to  suffer  most,  the  southern  camps  next  and 
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Chart  XIII. 


the  far  western  camps,  Kearny  and  Lewis  where  the  weather  was  warmer  thaij 
usual,  least.  This  is  not  the  case  by  any  means.  Camps  Devens  and  L'pton  arj 
probably  the  coldest  camps  and  yet  their  disease  incidence  has  been  among  ihi 
lowest. 

The   possibility    for   undue    exposure    to    weather   and   its   consequences   il 
suggested  in  the  reports  from  Camp  Travis.     Speaking  of  pneumonia  a  repoi 
reads  that  "the  majority  of  the  patients  stated  that  their  colds  commenced  after 
being  chilled   while   on   guard   or  at   drill   or   when   cold   during   the   night  an| 
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that  the-e  colds  commenced  at  or  about  the  dates  of  'Northers'  and  a  sudden 
;  drop  of  temperature.  The  exposure  and  chilling  is  rather  significant  as  a  pre- 
disposing cause  of  pneumonia  in  this  camp.  It  will  be  noted  that  no  cases  oc- 
curred in  the  Quartermaster  Corps,  Ordnance  Corps,  Base  Hospital  personnel, 
Bakers'  Company,  and  the  Bakers'  and  Cooks'  School.  Neither  have  any  of  the 
1758  officers  of  this  camp  had  pneumonia.  These  organizations  are  not  re- 
quired to  do  drill  or  guard  duty.  Their  duty  is  mostly  indoors,  while  other  or- 
ganizations are  exposed  to  the  cold,  wind  and  dust.  With  the  exception  of  the 
above  named  organizations,  pneumonia  is  widely  distributed  throughout  the 
camp." 

Reports  from  Cami)  Beauregard  state  that  there  was  a  direct  relation  between 
the  epidemic  of  pneumonia  and  the  severity  of  the  weather,  the  epidemic  sub- 
siding with  improvement  of  the  weather. 

Severe  weather  undoubtedly  caused  trouble  in  some  camps  but  this  was 
not  the  controlling  factor  by  any  means. 

Camps  Bowie,  Beauregard  and  Logan  experienced  about  the  same  climatic 
onditions.     The  annual  pneumonia  morbidity  rates  per  thousand   for  the  first 
two  were  96.  and  42.  respectively.     That  for  Logan  was  16. 

Camp  Pike  is  in  about  the  same  latitude  as  Camp  McClellan.  The  pneumonia 
rate  for  the  former  is  63.,  that  for  the  latter  9.6. 

Camp  Wheeler  and  Camp  Sheridan  faced  the  same  w  eather.  The  pneumonia 
•ate  for  Wheeler  was  95.,  that  for  Sheridan  9.3. 

Camp  Jackson  is  close  to  Camps  Wadsworth  and  Hancock.  The  former 
s  high  in  the  disease  table,  the  latter  low. 

We  are  aware  of  the  fact  that  we  are  leaving  this  question  of  the  relation 
)f  the  weather  to  the  acute  respiratory  diseases  and  especially  to  pneumonia  in 
I  ver}-  unsatisfactory  state.  There  are  strong  reasons  for  believing  that  the 
ncidence  of  pneumonia  is  greatly  influenced  by  weather  conditions.  Curves 
bowing  weather  conditions  as  influencing  pneumonia,  in  some  of  the  camps,  are 
triking  and  this  evidence  comes  from  camps  as  far  apart  as  Sevier  and  U])ton. 
Ve  hope  that  more  attention  v,  ill  be  given  to  this  matter  in  future  studies  on 
le  epidemiology  of  pneumonia. 

(1))  Insufficient  clothing. — Associated  with  the  (piestion  of  weather  se\erity 
>  that  of  inadefjuate  clothing.  The  se\erity  of  the  winter  is  felt  les>  if  the  men 
re  provided  with  plenty  oi  warm  clothing.  There  are  a  number  of  instances 
here  the  lack  of  winter  clothing  was  felt,  specific  mention  of  this  being  made  at 
'amps  Sevier,  Wheeler,  ],ogap.,  I'owie,  v'^lieridan,  v^hclby,  I-ieauregard,  Kearny. 
)evens,  Dix,  Lee,  Jackson,  Custer,  Pike,  Dodge,  b'unston  and  Tra\i>.  This 
ictor  without  douljt  increased  colds  winch  may  in  turn  ha\e  IcI  lo  pneinnonia. 
or  instance  at  Camj)  Jackson  as  lale  a^  January  it  was  repurted  that  "many 
len  *  *  '*  *  are  seen  going  alxnit  in  cotton  chjlhing,  despite  freezing  weather." 
t  Pike  we  note  the  following  from  the  report  of  an  inspector:  '"The  clothing 
f  all  the  men  in  Xoxember  and  December  accnr<ling  to  the  records  was  not 
^mplete.  Man\-  men  wfie  undoubtedly  eN])ose(i  to  changes  in  temperature 
hich  caused  a  lowering  of  tlu'ir  resistance  thereby  making  the  <iiread  of  in- 
^I'Ctious  diseases  nnich  easier." 

The   onset    of   measles   and    pneumonia    at    Camp    Sexier    wa^    atlribulcd    to 
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exposure  to  weather  and  lack  of  clothing.  The  report  reads — "During  the 
latter  part  of  October  a  sudden  drop  in  temperature  occurred  causing  considerable 
discomfort  of  the  troops,  many  of  whom  were  poorly  clad.  It  was  at  this  time 
a  large  increment  of  draft  men  was  received.  Many  of  these  recruits  had  been 
exposed  to  measles ;  they  were  poorly  nourished.  The  sudden  exposure  of  these 
troops  in  this  condition  resulted  in  many  cases  of  pneumonia,  many  death- 
occurring." 

Judging  from  this,  Jackson.  Pike  and  Sevier  sufifered  from  lack  of  clothing 
These  camps  have  high  disease  incidence.  But  clothing  shortage  w  as  by  no  mean^ 
peculiar  to  those  camps  with  high  disease  incidence.  Referring  to  the  previous 
list  we  note  that  Logan,  Sheridan,  Devens  and  Dix  are  also  included  and  yet 
these  camps  had  relatively  little  sickness.  In  November  at  Sheridan  "few  men 
had  woolen  underclothing  or  overcoats"  and  men  could  not  sleep  at  night  because 
the  two  blankets  provided  were  insufficient  to  keep  them  warm.  At  Devens  as 
late  as  December  we  learn  from  the  report  of  inspectors  that  the  clothing  of  men 
was  insufficient  and  that  "there  is  much  suffering  from  cold  and  many  cases  of 
frozen  ears  and  fingers  are  incurred  by  men  on  duty  in  weather  below  zero 
without  winter  gloves  and  ear  protectors.'" 

Lack  of  clothing  was  a  contributing  factor  in  disease  incidence  but  it  is  not 
believed  that  this  cause  was  responsible  for  the  peculiar  distribution  of  diseases 
in  the  different  camps. 

(c)  Inadequate  housing  a)id  lack  of  heat. — In   addition  to  lack  of  warm 
clothing  there  was  also  felt  the  lack  of  warm  quarters.     It  is  aggravating  and 
debilitating  to  be  cold  when  out  of  doors  at  work,  but  it  is  even  more  serious 
when  there  is  no  opportunity  to  retire  for  a  time  to  warm  quarters.     In  sonn 
instances  lack  of  fuel  made  it  impossible  for  men  to  keep  warm  indoors  durin 
day   and  night.      But  here  again  there  is   no   evidence   that   Pike,   Beauregard 
W'heeler  and  similar  camps  sufifered  more  from  this  cause  than  Logan,  Wads 
worth,  Devens  or  Upton.     If  anything,  the  northern  camps  would  sufifer  mor 
in  this  respect  and  yet  the  northern  camps  had  less  disease.     Similarly  if  la 
of  fuel  and  cold  quarters  were  a  controlling  factor  we  should  expect  the  Nationa] 
Guard  camps  to  show  more  disease  because  of  their  tent  quarters,  but  this  i 
not  the  case. 

(d)  Fatigue. — It  is  well  known  that  overwork  leading  to  excessive  fatigu 
lessens  resistance  to  disease.  In  view  of  the  previous  life  of  many  recruit 
who  have  come  from  offices  and  factories,  it  is  probable  that  the  vigorous  outj 
door  life  of  the  camp  introduced  suddenly  pulled  down  the  general  body  r 
sistance.  Here  again,  however,  we  must  point  out  that  the  records  at  han 
do  not  show  that  fatigue  was  any  more  of  a  factor  at  Pike,  Beauregard,  Bowi 
and  allied  camps  than  at  Logan,  Devens,  Sheridan  and  others  of  this  type. 

The  report  from  Wheeler  is  that  "fatigue  has  not  been  a  factor"  in  diseas] 
incidence.     From  Wadsworth  we  are  informed  that  "fatigue  has  been  a  ca 
tributing  factor  in  the  etiology  of  respiratory  diseases,  but  a  very  minor  one 
Essentially  the  same  conclusions  are  obtained  from  those  familiar  with  the  situ 
tion  at  Lee  and  Lewis. 

The  Division  Sanitary  Inspector  at  Travis  believes  "that  men  upon  enteri: 
military  service  are  subjected  to  a  too  strenuous  program  of  drills  for  the  fir 
four  weeks.     It  would  be  better  if  the  first  four  weeks  of  militarv  service  we 
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,  given  over  to  light  exercise  and  short  periods  of  drill  which  could  be  slowly  in- 
creased.    This  would  give  the  men  a  chance  to  better  accommodaie  themselves  to 
I  the  new   life   and   the   body   a   chance   to   build   up   physical    resistance   against 
disease.'' 

In  general  fatigue  has  evidently  made  troops  som.ewhat  more  susceptible  to 
disease,  but  this  has  been  a  general  tendency  and  not  one  peculiar  to  any  par- 
ticular group  of  camps.. 

2.    IXFLUEXCE  ox  DISEASE  IXCIDEXCE  OF  THE  UNUSUAL  FACILITIES  FOR  THE  TRANS- 
MISSIOX    OF   THE    IXFECTIVE   AGEXT.    AFFORDED    BY    CAMP    LIFE 

(a)  Close  contact  ii.'itli  carrier  cases. — The  bringing  together  of  men  from  all 
sections  into  camps  naturally  increases  the  possibility  of  contact  transmission 
of  disease.  It  will  be  readily  appreciated  that  a  carrier  of  the  meningococcus 
can  do  more  damage  in  an  army  camp  of  30,000  than  he  could  on  a  farm  where 
his  association  is  limited  to  few  individuals.  The  prevalence  of  sickness  in  the 
various  camps  has  without  question  been  augmented  by  the  presence  of  indi- 
viduals who  are  themselves  well  but  who  carry  in  their  noses  and  throats  the 
germs  of  the  respiratory  diseases,  but  there  is  no  reason  for  believing  that  the 
number  of  such  carrier  cases  is  so  much  greater  among  the  men  of  Camps  Pike, 
Beauregard,  \\'heeler,  Bowie,  Jackson  than  among  the  men  of  Camps  Logan, 
Hancock,  Sheridan,  Wadsworth  or  McClellan.  In  other  words  there  is  no  indi- 
ation  that  the  germs  of  respiratory  disease  are  any  more  widespread  to  begin 
with  in  the  former  camps  than  the  latter.  This  probably  is  not  true  of  menin- 
itis.  It  is  certain  that  the  areas  from  which  Jackson  and  Funston  drew  men 
ire  those  in  which  this  disease  has  been  endemic. 

To  check  up  this  point  we  need  statistics  on  the  number  of  carriers  among 
he  civilian  population  in  these  various  districts  and  this  material  is  lacking. 

The  importance  of  the  carrier  is  a  mooted  question.  In  view  of  the 
reat  number  of  carriers  of  certain  diseases  which  have  been  discovered  it  is 
question  whether  or  not  it  is  practicable  to  even  attempt  their  detection  and 
radication.  It  seems  more  likely  that  immunity  or  physical  resistance  is  more 
)Otent  a  protective  force  than  efforts  toward  keeping  away  from  the  germ 
tself. 

There  were  found  at  Camp  Travis,  during  January,  112  positive  meningococ- 
us  throats  among  3,159  men  examined.  This  amounts  to  3.5  per  cent  of  positive 
arriers.  This  number  of  carriers  in  one  month  is  nearly  three  times  the  num- 
ber of  actual  cases  of  meningitis  reported  from  Travis  for  the  entire  six-  months. 
At  Camp  Jackson  8  per  cent  of  all  hos])ital  admissions  were  found  to  have 
ositive  meningococcic  throats.  As  this  is  a  liighcr  ])ercentage  than  is  found 
mong  the  po])ulation  at  large,  it  is  believed  by  the  epidemiologist  at  Jackson  that 
lowering  of  the  physical  tone  renders  one  more  rcccpti\c  to  ihc  meningococcus. 
At  Camj)  Howie,  during  l-'ebruary.  seven  cases  dexeloped  among  114  carriers. 
f  the  persons  coming  in  contact  with  ibis  munl)cr  ot  carriers  had  ni'l  possessed 
)me  immunity  to  this  disi'ase  the  cases  would  ha\<.'  b.'cn  nuuh  n)orc  lunnerous. 
It  is  rc])orted  from  (  ani|)  (  iraiit  that  diphtlieria  carriers  accumulated  there 
i  one  time  to  the  nunil)cr  of  one  Inmdrcd.  They  wi're  ([uartercd  at  the  l'»ase 
[ospital  while  continued  unsuci  (.ssfuj  tiTdrts  wi-re  made  to  clear  up  their  tiu-oats. 
inally  in  desperation  almost  all  of  tiiese  men  were  turned  loose  and  returned 
)  duty  with  their  coiui)anies  ami  n<i  increase  in  ili|ilillieria  occurred  as  a  result. 
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(b)  Undetected  cases  among  neK'  recruits. — In  a  sense  this  matter  has 
ah-eady  been  covered  in  the  previous  discussion.  There  is  a  new  problem  in- 
troduced here,  however,  in  that  men  fresh  from  civiHan  hfe  are  Hkely  to  act  as 
foci  of  infection. 

Pneumonia,  measles  and  meningitis  are  to  be  found  widely  spread  over  a  state. 
There  is  scarcely  a  county  wholly  free  from  these  diseases  at  any  one  time.  The 
gathering  of  the  drafted  men  brings  in  many  who  are  either  coming  down 
ivith  the  disease  or  who  are  carriers. 

Reports  from  Wadsworth  state  that  ''new  troops  shortly  after  arriving  in 
this  camp  generally  showed  quite  a  large  number  of  sore  throats.  These  would 
disappear  after  the  troops  had  been  in  camp  for  several  weeks." 

Reference  has  already  been  made  to  the  onset  of  measles  and  pneumonia  at 
Sevier  coincident  with  the  coming  of  new  draft  men.  Sevier  '"was  practically 
free  of  all  communicable  diseases  until  the  influx  of  the  draft  men  from  Camp 
Jackson :  our  first  measles  case  appeared  at  this  time,  in  the  early  part  of  October. 
Scarlet  fever  did  not  appear  in  this  camp  until  troops  arrived  from  Jeft'erson 
Barracks,  Missouri." 

The  Division  Surgeon  at  Camp  \Mieeler  in  a  published  report  describing 
Ithe  epidemic  of  measles  and  pneumonia  there,  states  that  "draft  men  brought 
measles  on  every  train."     "Six  cases  were  taken  from  one  train." 

This  is  especially  noticeable  in  the  case  of  venereal  disease.  The  admission 
rate  from  this  cause  went  up  enormously  in  the  National  Army  with  the  ac- 
ession  of  new  men.  As  time  went  on  this  fell  off  until  the  rate  was  no  higher 
than  that  for  the  Guard  or  Regular  Army. 

This  fact  is  graphically  shown  in  Chart  XR'. 

Xew  men  increase  disease  in  camp  but  this  cause  should  act  no  differently 
n  one  part  of  the  country  than  another. 

(c)  hn-portation  of  mildly  sick  men  and  carriers  from  other  camps. — ]More 
striking  than  the  association  of  disease  with  new  recruits  has  been  the  associa- 
ion  with  importations  from  other  camps.  There  has  apparently  l)een  an  en- 
leavor  on  the  part  of  some  to  weed  out  the  undesirables  and  ship  them  along 
vhen  the  call  for  transfer  has  come.  This  has  been  complained  of  at  many 
amps  and  that  there  are  just  grounds  for  this  complaint  is  evidenced  l)y  the 
nany  instances  of  sick  men  being  found  among  troop  arrivals.  This  is  an  intlu- 
nce  which  would  react  diiterently  on  the  camps.  Thus,  if  one  camp  is  gradually 
eing  recruited  in  strength  and  not  slii])])ing  men  away  it  may  at  the  same  time 
ccumulate  an  abnormal  proportion  of  physical  weaklings.  ( )r  a  camp  may  act 
s  a  mobilization  center  both  receiving  and  shipping  troops.  If  there  arc  sick 
len  among  the  arri\als  these  are  filtered  out  and  an  unchie  accunuilation  of 
ospital  admissions  will  take  i)lacc  sending  the  rate  uj)  above  that  of  a  relatively 
'osed  camp.  It  is  felt  that  l-'unston  and  Dodge  have  suttered  notably  in  this 
,-spect. 

An  examination  of  how  this  works  may  be  taken  from  the  experience  at 
amp  Sheridan  occupied  almost  entirely  by  ( )hio  Xaiional  (lUardsmen.  In  .April 
contingent  of  over  700  men  was  received  I'roni  Cam]i  Tra\i^.  Ininu'(li;itcly  on 
etrainini;-  a  i)hvsical  examination  of  tliis  gnai]!  \\a>  made  and  rexealed  the 
•llowiiiij  : 
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Venereal  d 

isease 

40 

cases 

Mumps 

3 

Measles 

8 

Pneumonia 

2 

Meningitis 

carriers 

27 

Trachoma 

2 

These  cases  should  have  been  discovered  before  this  contingent  left  Texas  ! 
and  the  infected  persons   isolated   from  the  rest.     By  reason  of  the   failure  to 
do  this  the  infection  spread  while  in  transit  and  there  appeared  shoitly  after  in 
addition  to  the  cases  examined  on  detraining  the  following : 


Venereal  d 

isease 

8  cases 

INIumps 

Zl      " 

Measles 

6     "  ■ 

Diphtheria 

2     " 

Pneumonia 

8     " 

Meningitis 

carriers 

40     " 

Camp  Beauregard,  speaking  of  the  meningitis  and  measles  there,  states, 
that  the  epidemic  started  with  the  arrival  of  troops  from  Camp  Pike  and  the 
State  mobilization  camp  of  Mississippi. 

Camp  Pike  on  the  other  hand  transmits  the  blame  to  other  camps — "A  study 
of  the  character  of  material  received  from  other  camps  shows  that  in  many  in 
stances  physical  derelicts  were  sent  to  Camp  Pike.''     Contributing  to  Pike  werej 
troops  from  Custer,  Funston,  Grant,  Sherman,  Taylor  and  Dodge. 

Reports   from  Camp   W'adsworth   state  that  '"among  those  troops  receive^ 
from   Camps   Taylor,   ]\IcClellan  and   Fort   Oglethorpe,   one  case  of   meningitii 
and  one  case  of  measles  were  taken   from  the  train  on  which  the  troops  ar- 
rived.'' 

Speaking  of  the  new  increments  from  Camp  Taylor  this  report  goes  on  t 
say  that  the  noneffective  rate  for  this  new  group  went  up  to  about  79  per  l,Ol 
whereas  the  noneft'ective  rate  for  the  division  previously  was  around  24. 

Introduction  of  scarlet  fever,  measles  and  mumps  are  all  attributed  to  im 
portation  of  men  from  other  camps  by  the  epidemiologist  at  Camp  Upton.    Thes 
diseases  were  present  among  a  small  increment   from   Camp   Dodge.     On  di 
tributing  these  men  about  the  camp  these  diseases  began  to  appear  in  those  orgar 
izations  to  which  they  had  been  assigned. 

Camp  Cody  attributes  the  entrance  of  epidemic  disease  to  new  accession; 
Thus  "measles  and  German  measles  .  .  .  followed  shortly  after  the  arriv; 
of  troops  from  Camp  Dodge."' 

The  epidemiologist  at  Custer  reports  that  many  of  the  new  arrivals  enterej 
camp  suffering  from  acute  respiratory  infections  or  promptly  developed  the: 
"The  succeeding  incidence  of  pneumonia  was  principally  among  the  unseasoned P^^ 
troops."  U?fea 

(d)  Infection  from  the  surrounding  civilian  coinuiuiiify. — Disease  has  be 
introduced  into  camps  from  the  civilian  community.  This  may  occur  in  cam 
long  established  and  among  troops  W'ho  have  been  in  the  service  for  some  tim^the 

Data  from  Camp  Upton  is  interesting  in  this  connection.  Five  cases 
measles  occurred  in  the  304th  Field  Artillery.  The  first  man  had  been  homejBoiit^ 
Philadelphia  two  weeks  previous.  The  second  man  had  been  home  in  Susse^jj^ 
X.  J.,  16  days  previous  to  his  admission  to  the  hospital.  The  third  man  sent  m^kt 
the  hospital  on  April  16th  had  been  home  in  Olean,  X.  Y.,  from  April  3rd  Jjtau^ 
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6th.     Data  is  incomplete  in  the  other  two  cases.     This  evidence  points  to  infec- 
tion from  civil  life. 

The  epidemiologist  at  Camp  Beauregard  states  that  meningitis  was  prevalent 
in  the  civilian  community  around  the  camp  and  was  responsible  for  its  intro- 
duction into  the  camp.    This  was  also  true  for  measles. 

Transmission  of  scarlet  fever  in  this  manner  has  been  discussed  at  length 
on  page  669. 

(e)  Orercrozcdiug. — The  early  mobilization  of  the  National  Guard  troops 
resulted  in  a  great  amount  of  overcrowding.  There  are  instances  of  ten  or  more 
men  to  a  tent  that  accommodates  comfortably  not  more  than  five  or  six.  This 
herding  together  of  the  men  permitted  imusual  opportunity  for  transmission 
of  the  disease  from  one  person  to  the  other  by  contact,  sneezing  and  coughing, 
and  infected  dust. 

Specific  instructions  were  issued  to  provide  quarters  which  would  give  each 
soldier  at  least  500  cubic  feet  of  air  space.  Just  how  serious  this  crowding  was 
as  a  factor  in  spreading  disease  is  a  question.  That  it  was  responsible  to  a  cer- 
Itain  degree  there  is  little  doubt,  but  it  is  a  very  significant  fact  that  there  were 
remarkably  few  instances  of  more  than  one  case  of  pneumonia  or  meningitis 
in  the  same  tent.  If  this  unusually  intimate  association  of  the  men  had  been  a 
:ontrolling  factor  we  would  expect  not  one  but  four,  six  and  eight  cases  to  a 
:ent. 

In  this  connection  it  must  be  pointed  out  also  that  overcrowding  occurred 
n  those  camps  with  little  disease  incidence  as  well  as  in  those  with  high  disease 
ncidence.  Crowding  was  by  no  means  confined  to  the  camps  with  excessive 
■ickness. 

A  special  inspection  made  at  Camp  Wadsworth  in  January  showed  instances 
<\  '*  men  to  a  tent.    There  should  not  have  been  more  than  five  in  order  to  allow 
-quare  feet  of  floor  space  per  person.     This  camp  had  a  relatively  low  disease 
ncidence. 

Camp  Logan  had  but  28  square  feet  of  floor  space  per  person  for  a  long 
vhile.  Camp  Lee  had  as  many  as  15  men  t(^  a  tent  as  late  as  November.  Ex- 
I  -sive  sickness  in  certain  of  the  southern  camps  can  not  be  charged  to  this  cause. 
On  the  other  hand,  while  crowding  is  not  a  controlling  factor,  it  has  been 
luloubtedly  an  incidental  factor  as  evidenced  by  the  difference  in  disease  inci- 
I  lice  between  officers  and  men,  the  latter  being  brought  into  much  more  intimate 
intact  with  each  other  than  the  former.     (See  Table  26.) 

In  morbiditv  from  measles  the  enlisted  men  exceeded  the  officers  by  appre- 
iile  proportions  in  every  one  of  the  11  camps.  I'ncumonia  morbidity  has 
n  greater  amf)ng  the  men  in  9  cam])s.  Meningitis  and  scarlet  fever  were 
re  prevalent  among  the  men  in  all  except  one  instance,  meningitis  at  r)Caure- 
iril  being  greater  among  officers.  Heaths  from  these  diseases  were  so  tew 
iiong  the  officers  as  to  make  any  comparison  ot  rates  uncertain.  .\ccei)ting  the 
nres  as  they  are,  however,  we  find  that  deaths  among  the  men  were  greater 
27  out  of  44  cases. 

It  is  of  interest  to  note  that  at  Wadsworth,  (Irani,  Custer,  Mi-ade  and 
'avis  the  excess  of  measles  was  about  2  or  .^  times  greater  among  the  men.  At 
i'<e,  Beauregard,  Lee  and  Jackson  the  ratio  is  nearer  10  to  1.     It  would  appear 
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Table  26 

Comparative  Morbidity  and  Mortality  Among  Officers  and  Enlisted  Men 
Six  Months,  September  29,  1917,  to  March  29,  1918 

FIGURES  IN   annual  RATE  PER  1000 


MEASLE.S 

PXEUMOXIA 

CASES 

DE.\THS 

CASES 

DEATHS 

CAMP 

OFFICERS       MEN 

OFFICERS 

MEN 

OFFICERS       MEN 

OFFICERS 

MEN 

Wadsworth 

22 

7.9 

.0 

.0 

4.3 

9.1 

22 

1.1 

Dix 

4.8 

34. 

.0 

.0 

9.5 

8.0 

3'6 

1.5 

Grant 

26. 

50. 

.0 

.08 

4. 

14. 

2.0 

1.5 

Custer 

21. 

65. 

.0 

.49 

8.2 

7.0 

2.7 

1.5 

Meade 

25. 

36. 

1.1 

.0 

3.2 

18. 

22 

2.6 

Lee 

5.9 

85. 

.0 

.19 

18. 

24. 

9.8 

5.5 

Gordon 

33. 

168. 

.0 

.21 

4. 

15. 

1.3 

5.3 

Jackson 

36. 

230. 

.0 

.33 

5.9 

36. 

.0 

11. 

Travis 

66. 

*124. 

.0 

.0 

7.1 

78. 

1.2 

11. 

Pike 

35. 

390. 

.0 

.15 

32. 

63. 

1.3 

25. 

Beauregard 

28. 

256. 

.0 

.11 

21. 

42. 

.0 

15. 

MEXIXGITIS 

SCARLET  FEVER 

CASES 

DEATHS 

CASES 

DEATHS 

CAMP 

OFFICERS       MEN 

OFFICERS 

MEN 

OFFICERS       MEN 

OFFICERS 

MEN 

Wadsworth 

.0 

.8 

.0 

.20 

.0 

.8 

.0 

.0 

Dix 

.0 

.6 

.0 

.19 

2.4 

6.4 

.0 

.09 

Grant 

1.0 

1.3 

1.0 

.31 

6.0 

12. 

.0 

.23 

Custer 

.0 

1.8 

.0 

.30 

.0 

6.5 

.0 

.20 

Meade 

1.1 

2.4 

.0 

.66 

4.2 

7.7 

.0 

.07 

Lee 

2.0 

2.7 

2.0 

1.2 

.0 

.8 

.0 

.0 

Gordon 

1.3 

3.6 

.0 

.96 

.0 

.1 

.0 

.0 

Jackson 

5.9 

26. 

1.2 

7.5 

.0 

.9 

.0 

.0 

Travis 

1,2 

2.7 

1.2 

2.5 

.0 

.4 

.0 

.0 

Pike 

.0 

3.8 

.0 

2.4 

7.9 

44.0 

.0 

.44 

P>eaure9'ard 

28. 

12.8 

la 

7.7 

.0 

.0 

,0 

.0 

*Mary    cases    not    reporttd. 


from  this  that  the  men  at  the  latter  camps  are  much  more  susceptible  to  th| 
disease.  There  is  no  such  big  divergence  between  officers  and  men  for  pnei 
monia.  ^Meningitis  shows  still  less  difference  between  officers  and  men.  Scarle 
fever  is  somewhat  too  irregular  to  summarize,  (^ne  interpretation  offered  fc 
the  peculiar  characteristics  of  the  first  three  diseases  is  that  measles  is  mucj 
more  readily  transmitted  and  that  susceptibility  to  this  is  quite  general  among  cei 
tain  troops.  Pneumonia  and  meningitis,  especially  the  latter,  are  less  readilj 
spread  by  contact  and  susceptibility  is  not  at  all  general. 

It  must  also  be  pointed  out  that  what  holds  true  for  the  enlisted  men 
likewise  true  for  the  officers  so  far  as  distribution  of  disease  at  the  varioi 
camps  is  concerned.  Wadsworth  has  the  lowest  measles  incidence  among  botj 
officers  and  men.  Pike  has  the  highest  incidence  among  the  men  and  one 
the  highest  rates  for  officers.  In  general  this  holds  true  for  the  other  camf 
Those  camps  with  high  disease  incidence  among  the  men  likewise  have  hi^ 
disease  incidence  among  officers. 

(f)  Inadequate  Hospital  Care. — An  eft'ort  has  been  made  to  determii 
whether  lack  of  hospital  accoinmodations  has  caused  an  excess  of  disease 
any  one  camp.  It  is  believed  that  this  has  acted  to  a  certain  degree,  there  havii 
been  a  few  instances  of  contact  transmission  within  the  wards.  This  has  beJ 
corrected  by  more  complete  isolation  of  cases.  Some  camps  have  suff'ered  mol 
in  this  respect  than  others,  but  this  has  been  a  relatively  slight  factor  in  t| 
general  dissemination  of  disease.     Lack  of  hospital  facilities  would  seem  to 
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count  for  the  excess  of  disease  at  Bowie  over  Travis,  both  camps  receiving  men 
from  the  same  states.  Bowie  was  cramped  for  hospital  room  and  cases  could 
not  be  handled  as  carefully  as  at  Travis  where  the  accommodations  were  more 
ample.  With  such  facilities  Travis  was  able  to  send  incipient  respiratory  in- 
fections to  the  hospital  and  thus  prevent  their  progress  into  more  serious  illness. 
Bowie  could  not  do  this  and  had  partly  in  consequence  nearly  twice  as  manv 
deaths  from  pneumonia.  This  result  is  illustrated  in  Chart  XA\  In  Chart 
XVI  is  shown  the  apparent  universal  influence  which  treatment  of  the  minor 
diseases  has  on  the  death  rate  from  pneumonia. 

SICKNESS  ADMISSIONS   AND   PNEUMONIA   DEATHS 
AT  CAMPS   TRAVIS  AND   BOWIE 

€  MOS.    S£PT.  2S,  '/7  TO  AfAR.  23,  '/B 


TRAV^/S 

ao.s 


BOWIE 
52.2 


TRAV/S 
/0.6 


APJ^lSS/aNS 


PN£aAfOA//A  l>£ATf/S 

ANA/CAL     RATC     PC R    /OOO 


Chart   XV. 


Fauhy  quarantine  at  some  camps  is  bchcved  to  ha\e  been  a  factor  in  chscase 
transmission.  Quarantine  can  be  kept  in  spirit  or  onl}-  lilcrally.  There  are  a 
number  of  instances  where  Httle  else  was  done  than  to  issue  the  order.  There 
was  no  following  up  of  the  order  nor  any  serious  attempt  to  abide  b\'  ii. 

(g)  Unsanitary  Condilions  in  General. — Respiratory  disease  is  arieclcd  by 
general  or  personal  sanitation.  Inasmuch  as  the  infective  agents  gain  access  to 
the  body  through  the  mouth  and  nose  it  is  important  to  observe  those  matters 
of  personal  hygiene  such  as  the  avoidance  of  pronii^^rnous  spitting,  of  trading 
pipes  and  mess  utensils,   washing  the  hands  brfore   meals,  etc.      l'",\i(U'ni-i'   ,dong 
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these  lines  is  not  exact  or  complete,  but  the  observation  has  been  made  that  in 
certain  of  these  camps  with  high  disease  incidence,  the  men  are  in  general  more 
careless  of  their  personal  habits.  They  are  not  as  cleanly.  Spitting  outdoors 
and  indoors  is  of  the  most  promiscuous  character.  Food  is  less  carefully  pre- 
pared and  its  choice  is  a  matter  of  less  concern  than  in  other  camps.  Promiscu- 
ous and  well  nigh  universal  spitting  on  the  streets,  about  and  in  tents,  on  parade 
grounds,  etc.,  has  been  reported  at  Bowie.    Pneumococci  have  been  found  in  dust. 

RELATION   BETWEEN  PNEUMONIA     DEATHS    AND    TOTAL 
ADMISSIONS    rOR    SICKNESS 

NATIONAL    GUARD   AND    AJATIONAL    AffA^Y    CAMPS 
6  MOS.    S£PT  23. 19/7  TO  MAR  29,  19/ 8 


p/^e     Bowif    siyiiif    riTAws    coer       it!      DOKf    SMaer    unw    SHf/n/M  shirmh  a/sTtx    iiw/s  wakwth  iosAt/ 
wneiUR  BiMRs'o  jieicM/  rvMSTOM  eenipiM  r/fYiM  so/iee>^    xtAS/iY  niADf    mvims     dik      srant  AnuiW  HANcxir 

Chart   XVL 


O.    NATURAL    SUSCEPTIBILITY    TO    DISEASE 

Having  considered  the  effect  of  camp  life  in  weakening  the  physical  tone 
of  the  soldier  and  the  extent  to  which  infectious  disease  has  been  spread,  we 
come  to  a  consideration  of  the  innate  susceptibility  of  the  soldier  or  his  natural 
immunity  to  disease. 

If  this  factor  is  a  predominating  one  we  should  expect  those  men  who  are 
exposed  to  the  same  general  climatic  influences  to  show  similar  characteristics. 
Or  we  should  expect  like  tendencies  to  be  exhibited  by  men  from  the  same  sec- 
tion of  the  country.  Still  further  we  might  look  for  differences  between  city 
men  and  country  men. 

(a)  Racial  Influence. — The  high  incidence  of  disease  at  southern  camps  such 
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as  Pike.  Wheeler,  Beauregard,  Jackson,  Bowie  and  Travis  suggests  that  the 
number  of  negro  troops  there  may  have  something  to  do  with  it,  for  statistics 
in  civil  life  show  the  negro  to  be  much  more  susceptible  to  such  diseases  as  tuber- 
culosis and  pneumonia. 

Reports  from  \\'heeler  and  Beauregard  show  that  they  had  no  negro 
troops  during  the  six  months  covered  by  this  study.  At  Travis  the  propor- 
tion of  white  to  colored  troops  was  seven  to  one  and  the  sick  rates  were  no 
greater  in  the  latter  than  among  the  former.  About  25  per  cent  of  the  troops 
at  Pike  were  colored.  The  sick  rates  among  colored  troops  here  was  greater 
than  among  whites.  We  have  no  data  as  to  the  proportion  of  colored  troops 
at  Jackson,  but  we  believe  it  w^as  very  small  indeed  if  in  fact  there  were  any. 
With  northern  bred  negroes  at  Logan  there  was  but  little  difference  in  the  sick 
rate  between  the  races.  With  southern  bred  negroes  in  northern  camps  both  the 
morbidity  and  mortality  rates  were  much  higher  among  the  negroes. 

There  is  no  ground  for  attributing  the  excessive  sick  rates  at  the  southern 
camps  to  colored  troops. 

(b)  Effect  of  Urban  Life— It  is  a  well  recognized  fact  that  respiratory  dis- 
ease is  more  common  in  centers  of  population  where  its  means  of  transmission 
is  so  much  readier  than  among  the  rural  population.  The  table  below  well 
illustrates  this  fact  and  these  data  are  typical. 


Table  27 

Urban  and  Rural  De.\th  Rates,  Annual  Rate  i'er  100,000 

1915 


measles 

SCARLET                DIPHTHERIA 
FEVER                    AND    CROUP 

PNEUMONIA 

TUBERCULOSIS 
OF  THE  LUNGS 

Cities   in 
Registration 

States 

7.1 

4.0                                 17.5 

156 

134 

Rural   part   oi 
Registration 

States 

3.4 

3.1                      12.9 

106 

112 

Analyzing  the  situation  in  the  army  with  this  question  of  population  in 
mind  we  are  brought  face  to  face  with  some  very  interesting  facts.  These  are 
illustrated  in  Chart  XVH.  Here  we  have  compared  the  death  rates  among 
the  soldiers  from  different  sections  of  the  country  with  the  ])ercentagc  rural 
population  of  that  section.  The  association  of  high  disease  incidence  and  rural 
population  is  very  suggestive. 

The  death  rates  are  distriljuted  roughly  in  three  groups.  Those  repre- 
senting the  West  South  Central  section,  the  Ea.st  South  Central  Section,  and  the 
South  Atlantic  stand  first  with  the  highest  rates.  Next  with  a  rate  just  half 
that  of  the  former  group  comes  the  West  Korth  Central.  Next  come  the  other 
sections,  the  difference  between  them  being  slight.  New  l^ngland  is  the  least 
rural  and  has  next  to  the  lowest  death  rate.  New  iMiglrind  is  ri-presented  by 
Camp  Devens  which  contains  draft  men.  If  New  h'ngland  were  represented  in 
this  table  by  a  larger  proportion  of  city  men  as  are  the  other  sections  witii  their 
National  Cuard  units,  it  is  very  possil)le  that  .\ew  Ijigland's  death  rate  would 
be  lower  than  it  is. 

The  similarity   in   these   two  curves   is   l)eheved   to   be  ot    the  greatest    sig- 
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nificance.  It  will  be  noticed  that  they  are  not  parallel  throughout.  There  are 
several  explanations  for  this.  In  the  first  place,  the  exactness  of  the  two  sets 
of  data  is  not  sufficient  for  a  complete  correlation,  secondly  it  is  felt  that  the 
disparity  in  the  curves  carries  some  significance.  It  means  that  factors  other 
than  sparseness  of  population  are  at  work  in  the  first  two  sections  causing  them 
to  run  unduly  high.  The  first  two  sections  which  are  more  than  twice  the  rate 
of  the  third  are  the  only  ones  including  southern  territory.  There  is  thus  brought 
to  light  a  secondary  broad  general  influence  which  distinguishes  different  sections 
of  the  country. — This  is  climate.  It  seems  reasonable  to  explain  the  high  position 
of  the  first  two  points  then  as  due  (1)  to  rural  population  and  (2)  to  climate. 
This  latter  influence  we  shall  discuss  in  a  later  paragraph. 

The  influence  of  rural  life  on  disease  incidence  as  brought  out  in  this  table 

RELATION     BETWEEN     RURAL     LIFE    AND    DEATH     RATES 
AT  NATIONAL    GUARQ    AND    NATIONAL    ARMY  CAMPS 


Ann^l 

Os^H, 

•?. 

Hate 

RuraJ 

b'^ 

/oop 

20 

80 

-Camp    Death  ffai. 


SECTIONS  or  cauA/r/fY 

fteP/f£S£NT£:P  M  r0U0W/M6  CAMPS 


S£CTIM 

CAMP    \pfATHRATr 

W.S.C. 

P,k, 
Bow/* 

307 

23/       ^^ 
/53 

£.S.C. 
SA. 

Jae/Csm 
S.vitr 

263 

19  9     212 

/55 

W.N.C. 

Co.fy 
Podte 

/2  7 

//  9      l/Z 

9/ 

P.C. 

/Ctarny 

%'.        '^ 

£MC. 

Cl/S^l^ 

Sfitrftfan 

54 

51 

36      39 

28 

23 

A*A 

53 

2  6      35 

25 

A/.£. 

P.r.,fT   \      37               1 

/O 

0             0 

Yt£5T 
SOUTH 
CENTPAL 

CAST 

SOUTH 

CCNTRAL 

weST             /^OVNTA/N             PAST 
NORTH                  AMP                NORTH 
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is  further  supported  by  the  figures  gathered  from  the  city  and  rural  units  in 
the  camp.  Camp  Cody  reports  that  disease  incidence  was  48  per  cent  higher 
in  the  134th  Infantry  than  in  the  133rd.  The  latter  is  made  up  of  troops  from 
the  larger  cities  of  Iowa.  The  former  included  troops  mainly  from  the  smaller 
towns  of  Nebraska. 

Similarly  disease  incidence  was  51  per  cent  greater  in  the  136th  Infantry 
made  up  from  the  smaller  towns  of  Alinnesota  than  in  the  135th  Infantry  made 
up  of  men  from  the  larger  cities  of  this  state. 

The  excess  among  rural  troops  of  such  diseases  as  measles,  mumps  and 
scarlet  fever  has  been  observed  at  Camp  Custer  and  at  Camp  Wheeler. 

Camp  Wadsworth  reports  that  their  division  made  up  of  Guardsmen  from 
the  larger  cities  of   New  York   State   was  practically   free   from   disease   until 
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March  when  about  1500  draft  men  from  the  mountains  of  Tennessee  and  Ken- 
tucky were  received.  Their  arrival  had  a  marked  effect  upon  the  disease  rate. 
These  men  soon  developed  meningitis,  pneumonia  and  the  minor  communicable 
diseases.    Their  noneft'ective  rate  was  three  times  that  of  the  original  division. 

The  epidemiologist  at  Camp  Doniphan  points  out  the  unusually  low^  disease 
incidence  among  city  troops  as  compared  with  those  from  the  country.  The 
138th  Infantry  and  128th  jMachine  Gun  Battalion  were  recruited  from  St.  Louis, 
]\lissouri.  Their  annual  pneumonia  morbidity  rates  from  October  to  ]\larch  were 
15.  and  25.  respectively.  The  137th  Infantry  and  129th  Field  Artillery  Avere 
from  the  small  towns  of  Kansas.  Their  corresponding  rates  were  65.  and  50. 
respectively. 

(c)  Climatic  Infhicncc. — A  climatic  influence  on  disease  incidence  inde- 
pendent of  the  rural  influence  has  already  been  mentioned.  The  relative  weights 
of  each  is  difficult  to  measure,  but  that  they  have  an  independent  existence  is 
quite  evident.  The  most  striking  illustration  of  this  is  oft'ered  by  the  two  maps 
on  which  are  located  the  death  rates  from  all  causes  for  each  camp.  Charts  XVIII 
and  XIX.  In  the  first  map  the  circles  are  located  at  the  site  of  the  camp.  It  will 
be  observed  that  the  south  is  covered  by  circles  of  all  shades.  Logan  in  Texas 
has  a  death  rate  less  than  8.0  per  1000.  Travis  has  a  rate  somewhat  higher. 
Funston  represents  the  third  group  of  death  rates  ranging  from  16.0  to  24.0. 
The  highest  rate  shown  by  the  black  circle  is  represented  by  Pike  and  Beaure- 
j^ard.  All  five  of  these  camps  are  subject  to  approximately  the  same  climatic 
influence  and  yet  their  death  rates  are  stikingly  different.  Looking  now  at  the 
second  map  we  see  an  entirely  different  story.  In  this  case  the  circles  are 
located  in  the  center  of  the  region  from  which  the  troops  are  recruited.  The 
clear  circles,  with  a  single  exception,  have  now  disappeared  from  the  south  and 
we  find  all  but  two  located  in  the  northern  states  east  of  the  ^Mississippi,  and 
this  section  contains  none  but  clear  circles. 

The  exceptions  are  Lewis  in  the  northwest  and  Gordon  in  the  south.  Gordon 
would  seem  to  controvert  the  evidence  we  have  presented  on  this  score  and  a 
^reat  deal  of  speculation  was  raised  as  to  why  Gordon  alone  should  exhibit  char- 
acteristics different  from  that  shown  liy  all  other  southern  troops.  Some  time 
elapsed  before  an  explanation  was  forthcoming.  Gordon,  it  seems,  was  originally 
set  apart  for  troops  from  Georgia,  Alabama,  and  Tennessee.  About  six  weeks 
after  the  camp  opened  the  above  named  troops  were  transferred  to  Camp 
Wheeler  and  their  place  was  filled  by  men  from  21  difl'erent  states,  largely  drawn 
from  the  north.  Gordon,  thus,  in  having  a  death  rate  below  8.0  is  simply  ex- 
hibiting a  characteristic  common  to  the  northeastern  section  of  the  country. 

I'A'idence  showing  the  greater  susceptibility  of  southern  troops  and  certain 
lights  on  the  causes  is  to  be  had  fnmi  the  reports  of  the  medical  officers  attached 
to  these  camps. 

Camp  Sci'icr. — "I'ruin  25  to  3.5  \w\-  cent  df  all  cases  sulnniltcd  to  tlio  I'aso  lli)si)ital 
came  from  the  mountains  of  East  Tennessee  and  the  Carolinas.  .Almost  all  cases  of  hroncho- 
inieumonia  were  from  men  of  this  locality.  .\  lar>j;e  percentage  of  tlie  men  from  Soutli 
•  arolina  were  suffering  from  hookworm  infection.     The  i)ercentaKe  runs  as  liiuli  as  35%.'' 

"Tennessee,  North  and  South  Carolina  liave  furnislied  tlic  largest  proportion  of  the 
troops.  'I  he  troops  from  other  states  have  not  furnislied  as  large  a  jiercentage  of  sick  as 
tlu-  troops  from  the  ahove-mentioncd  states,  hut  have  heen  the  means  of  introducing  or 
ic-introducing  some  of  the  contagious  diseases." 

Camp   Wadszvorth — The  greatest  prevalence  of   sickness   uccurred   among   troops   from 
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Kentucky,  who  "Iirought  with  them  measles,  mumps,  meringitis,  pneumonia  and  hookworm. 
These  were  troops  of  low  resisting  powers  from  the  mountains  of  Kentucky." 

Cai>ip  IVIicclcr. — The  men  at  Camp  \\"hef>ler  were  recruited  mainly  from  Alabama, 
Georgia  and  Florida.  That  the  location  and  previous  environment  of  tlie  troops  here  were 
responsible  for  the  epidemic  of  measles  and  pneumonia  is  attested  by  the  report  of  the 
Division  Surgeon.     He  speaks  as  follows  about  the  physical  condition  of  the  men  : 

"1.     A  class  of  drafted  men  of  most  miserable  physique  is  noticed  by  all  observers. 

2.  The  men  from  the  Gulf  Coast  could  not  withstand  even  the  mild  winter  of  Central 
Georgia. 

3.  Many  of  the  men  suffered  from  the  anemia  of  hookworm  or  malaria." 

Camp  Pike — As  to  the  fundamental  causes  underlying  the  epidemic  at  this  camp,  the 
following  may  be  said  : 

].  "Low  resistance  on  the  part  of  draft  troops  coming  from  the  States  of  Mississippi, 
Louisiana,  Arkansas  and  Alabama.  A  study  of  the  number  of  men  from  these  sections  of 
the  country  turned  down  by  our  examining  board  demonstrates  laeyond  question  that  in  the 
majority  of  instances  we  are  dealing  with  a  very  inferior  class  of  draft  men.  Companj' 
Commanders  have,  for  example,  told  me  of  the  difficulty  of  getting  their  men  to  eat  the 
ordinary  army  food.     ]Many  of  them  have  lived  for  years  on  corn  bread  and  side  meat." 

Camp  Jackson. — "The  enlisted  personnel  of  this  camp  seemed  to  show  an  unusual 
amount  of  illiteracy,  general  ignorance  and  ignorance  of  personal  hygiene,  all  of  which 
doubtless  aided  in  the  propagation  of  contagious  disease.  An  illuminating  example  of  the 
state  of  sophistication  is  the  fact  that  classes  were  formed  and  instruction  given  in  the  use 
of  water  closets  and  toilet  paper.  The  enlisted  personnel  comes  mainly  from  North  and 
South  Carolina  and  Florida.  It  is  mainly  rural  in  origin  and  contains  a  relatively  large 
proportion  of  men  who  have  not  had  measles  or  mumps  in  childhood." 

"The  ph3'sical  condition  of  the  men  is  not  more  than  average,  and  I  feel  sure  that 
there  must  be  something  in  the  old  theory  of  lowered  resistance  and  other  conditions  having 
an  influence  on  infection.  About  30  per  cent  of  the  men  are  found  to  have  hookworm,  while 
about  3  per  cent  are  suspected  of  having  malaria."' 

This  evidence  seems  sufficient  to  establish  the  physical  inferiority  of  the 
men  from  this  region.  Turning  again  to  our  morbidity  and  mortality  statistics 
we  find  still  further  verification  of  this  fact.  \\'here  there  is  a  specific  suscep- 
tibility to  any  disease  as  may  readily  occur  in  persons  of  apparently  good  physical 
tone,  we  need  not  be  surprised  at  the  outbreak  of  an  epidemic  of  that  disease 
but  we  do  not  look  for  high  incidence  in  other  diseases  as  well.  The  troops  from 
the  Southern  States  possess  a  susceptibility  that  is  general  as  well  as  specific. 
They  are  subject  not  only  to  the  ravages  of  pneumonia,  but  also  to  other  diseases 
as  well.  Their  death  rate  from  all  causes  is  higher  and  their  sickness  incidence 
is  greater.  This  fact  has  already  been  brought  out  by  Chart  III  early  in  this 
report.  Here  eleven  indices  of  physical  well-being  have  been  plotted  for  each  of 
the  29  National  Guard  and  National  Army  camps.  The  camps  have  been  graded 
according  to  their  relative  standing  in  each  index  and  the  position  of  the  squares 
have  been  placed  in  order  of  the  death  rate  from  all  causes.  The  significant  fea- 
tures of  this  Chart  is  that  the  camps  with  Southern  troops  top  the  list.  The  black- 
ness of  the  square  shows  that  these  camps  are  not  only  high  in  one  cause  of  sick- 
ness, but  are  vmiversally  high  in  everything.  Pike,  for  instance,  has  the  highest 
(1)  death  rate  from  all  causes,  (2)  death  rate  from  diphtheria,  (3)  morbidity 
from  measles,  (4)  morbidity  from  scarlet  fever,  (5)  morbidity  due  to  venereal 
disease. 

Wheeler  is  highest  in  deaths  from  tuberculosis  and  a  close  second  in  pneu- 
monia morbidity. 

Beauregard  has  the  highest  malaria  morbidity. 

Bowie  stands  first  in  pneumonia  morbidity ;  Jackson  first  in  meningitis  mor- 
bidity, Travis  first  in  hospital  admission  rate. 

Five  camps,  Pike,  Wheeler,  Beauregard,  Bowie  and  Jackson,  have  among 
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them  nine  out  of  eleven  first  places  in  the  various  causes  which  make   soldiers 
noneftective. 

Another  fact  which  has  a  direct  bearing  on  this  question  is  that  not  only 
is  the  general  sickness  greater  among  Southern  troops,  but  once  sick  their  chances 
of  recovery  are  less.  Thus  in  Table  28  are  given  the  morbidity  and  mortalitv  rates 
for  pneumonia  and  meningitis  for  certain  camps.  The  Southern  troops  are 
seen  to  average  a  greater  case  mortality  in  both  diseases.  The  Pike  group  have 
a  pneumonia  case  mortality  of  28  per  cent,  and  a  meningitis  case  mortality  of 
61  per  cent.  These  figures  are  nearly  twice  those  of  the  I'pton  group  with  16 
per  cent  and  Z7  per  cent  respectively. 


Table  28 
Case  ^^Iortality  From  Pxeumoxia  and  Mexixgitis  ix  Certaix  Camps 


PNEUMONIA 

MENINGITIS 

CAMP 

MORBIDITY 

MORTALITV 

CASE 

MORBIDITY- 

MORTALITY 

CASE 

RATE 

RATE 

MORTALITY 

% 

RATE 

R.VTE 

MORTALITY 

% 

Pike 

63. 

2h 

40 

3.8 

2.4 

63 

Bowie 

96. 

20. 

21 

4.7 

1.6 

34 

Beauregard 

42. 

15. 

36 

12.8 

/./ 

60 

Wheeler 

95. 

24. 

25 

2.4 

2.1 

88 

Jackson 

36. 

11. 

31 

25.7 

/.o 

29 

Travis 

78. 

11. 

14 

2.7 

2.5 

93 

Average 

28 

61 

Upton 

15. 

3.6 

24 

.54 

.34 

63 

\\'ads\vorth 

8.8 

1.1 

13 

.78 

.20 

26 

Dix 

8.0 

1.5 

19 

.57 

.19 

Z}> 

Logan 

16. 

1.0 

6 

Ji 

.22 

30 

Hancock 

6.7 

1.1 

16 

1.8 

.44 

24 

Devens 

9.8 

2.0 

20 

.63 
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SUMM.\RY  OF  THE  C.\USES  OF  RESPIRATORY  DISEASES   IX   ARMY  C.\MPS 

From  this  extended  review  of  the  situation  we  feel  that  the  greatest  single 
factor  in  the  prevalence  of  disease  in  certain  camps  and  their  absence  in  others 
has  been  the  natural  susceptibility  of  the  men.  Disease  incidence  has  l)een 
markedly  greater  among  Southern  troops.  Southern  troops  are  as  a  class  more 
susceptible  to  respiratory  disease.  They  are  more  suscejnible  because  they 
have  not  had  these  diseases  in  childhood  and  therefore  have  established  no  im- 
munity to  them.  They  are  more  susceptible  also  l)ecause  they  have  weaker 
physiques  to  begiii  with.  This  ])hysical  inferiority  is  due  to  ignorance  of  and 
consequent  failure  to  act  upon  ihc  fundamental  laws  of  sanitation.  In  conse- 
quence those  debilitating  diseases  such  as  h()i)kworm.  malaria  and  pellagra  pre- 
vail. \'enereal  disease  is  excessive.  Insufficient  attention  is  paid  to  the  character 
and  quality  of  food  consumed:  these  men  have  not  learned  that  diseases  are 
transmitted  by  germs  most  of  which  gain  access  to  the  body  throu.^h  the  mouth 
and  nose.  Spitting  is  promi.scuous.  There  is  no  thought  of  sto])ping  it  even  in 
tents  and  barracks.    The  reason  for  stopping  it  is  not  even  appreciated. 

With  this  condition  of  affairs  to  start  with  we  lind  that  then'  have  been 
added  those  aggravating  factors  such  as  ex])()sure,  fatigue,  lack  of  warm  cloth- 
ing, cold  quarters  by  day,  cold  quarters  and  insufficient  bedding  l)y  night.    These 


700  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

men  were  naturally  susceptible.  Lessen  their  resistance  still  further,  introduce 
the  carrier  case  and  it  is  not  at  all  difficult  to  anticipate  the  result.  The  fire 
rages  among  this  highly  inflammable  timber. 

The  value  and  purpose  of  an  epidemiological  study  is  to  discover  facts  that 
will  prevent  a  recurrence  of  the  trouble.  Xow  that  we  have  established  the  case 
how  are  we  to  act  upon  it? 

First  and  foremost  it  seems  necessary  to  graduate  the  introduction  of 
civilians  into  army  life.  The  change  has  been  too  abrupt.  Alen  should  be  called 
first  to  a  semiactive  reserve  army.  Here  they  should  get  drill  and  the  essentials 
of  sanitation  and  self  care  by  lecture  and  by  demonstration.  The  drill  and 
calisthenics  should  be  the  hardening  process.  After  this  the  transfer  should  be 
made  to  camp  where  a  man's  entire  time  is  given  over  to  his  military  training. 

Before  entering  camp  men  should  be  examined  for  incipient  disease.  The 
suspects  should  be  separated  and  watched  before  their  dispatch  to  camp.  Vac- 
cination for  typhoid  and  smallpox  can  be  completed  while  in  the  reserve  force. 

Once  established  in  camp  the  transfer  of  men  from  one  camp  to  another 
should  not  take  place  without  a  careful  examination  and  removal  of  those  who 
show  signs  of  illness.  This  will  prevent  this  all  too  frequent  transportation  of 
sick  men,  who  are  dangerous  to  others  because  of  their  sickness. 

These  precautions  together  with  care  in  the  proper  mixture  of  work  and 
rest,  judicial  selection  in  the  quality  and  balancing  of  the  food  ration,  the  ade- 
quate protection  of  the  man,  especially  the  one  from  the  warm  climate,  against 
cold  and  exposure,  his  protection  against  the  sick  through  effective  quarantine 
measures,  and  discretion  in  the  use  of  the  physical  hardening  process  should 
moderate  to  a  large  degree  the  experiences  of  the  past  winter. 
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RrSPIRATORY     DISEASE     AT    ARMY    CAMPS 
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Chart    XX. 
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RESPIRATORY    DISEASE   AT    ARMY   CAMPS 


AtrASLSS 
PA/£(/MO///A 


CAMP     WHE£L£R    (MG.) 


Locaf/on:     4^a c o^,  Gci- 
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Chart   XXI. 
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RESPIRATORY     DISEASE    AT 
ARMY    CAMPS 


AffSASL£S       - 


CAMP  BOWiE    (N.G.) 

locat/on  :   f&.  Worih,  Te/r 
Troe/>s         ,     OM/afioma,  Tfxas 


Anni/al       /\/ter  i> /d/ 1  y       f(ate     />ff      /OOO     /■cr       Wrr/\      £ni/inf 
Chart   XXII. 
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RESPIRATORY  DISEASE  AT  ARMY    CAMPS 


MSASl£S 
P^£l/MOA//A 


CAMP  B£A(/^£GARP   (Ma) 

Traces      :    ArUarj s a s, /.ol//s / a /^a. 


Annua/      A^or/>/i/,ty     fiate   fiff     /OOO      far     Wee^      £nc/nf  — 
Chart  XXIIL 
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RESPIRATORY     DISEASE     AT    ARMY    CAMPS 


MEASLES 
Pf^£UM0A//A 


^ 


CAMP    TRAV/S    (A/. A.) 


loca  1^/^/7      /?  San,  ^o^stonjtj, 


Unuo,       /Vfort,<,,fy      Fat.      ^„      ,000     /.,       VV.  e  M      £n^, 

Chart  XXIV. 
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RESPIRATORY    PISEA5E   AT    ARMY    CAMPS 


M£ASLeS 


^ 


'^ 


F/</£UA/fOA//A 


CAMP     SfV/ER    (A/.G.) 


Gr-genv  //f  ,  S  C 

Tennessee. 
fi/.  Caro/i na, 

5   Car-o/"^(i. 


Annua/    Mofi'/'Z/^y     /fate     A^ 
Chart  XXV. 


/ai^a   /a/-    Wee/C      £ne//>^f 
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RESPIRATORY    DISEASE    AT    ARMY    CAMPS 
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Annua/      M(>>'l>i<^/t y     /?at<?     fotf     /OOO    for     Wfe/C     ErK^ina    - 
Chart  XXVI. 
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RESPIRATORY     PISEA5E     AT    ARMY   CAMPS 


PUet/Af^///A 


CAMP   DODGE    fA/.A.) 

Loca  t/or>  :   Pes  Mo/nrs,  /a. 
Ty-oofis  //// no/s I  /awa 


I 

M 


CAMP    COPY    (MO) 


A/ci>i^a  s/Ca., 


S         /2        /9       Zi        Z  9         /A       23       Ja         7 


/■C      2/      2e       -t        1/       /e      2i 
0£C  JA/^ 


/^       22         / 
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EDITORIALS 


Convulsions 


THERE  are  two  factors  which,  together,  cocjperate  in  producing  the  .symp- 
tom which  we  call  a  "convulsion."  One  of  these  we  may  call  tlie  chemical 
factor;  the  other  the  mechanical.  The  one,  the  chemical,  acts  in  proilucing  edema 
of  the  brain,  which  soi  long  as  there  is  a  sufficient  l)lood  supi)ly  shows  itself  in 
headache,  moderate  dilatation  of  the  pu])ils,  and  other  changes  which  are  sug- 
gestive of  more  serious  symptoms  which  are  convulsive  depending  u\^ou  the 
amount  of  blood  that  reaches  the  swollen  central  ner\ons  system.  'VUr  amount 
of  blood  reaching  the  brain  (]e])ends  upon  the  difference  between  the  intravenous 
pressure  and  the  intracerebral  ])ressuri'.  As  long  as  the  cerebral  swelling  is 
not  great  enough  to  bring  the  difference  in  inlraNcnous  and  iiit laeerebral  pres- 
sure too  close  to  zero  a  coinnlsion  does  not  occur.  Also  as  long  as  the  intia- 
venous  pressure  remains  enough  al)o\e  the  intracerebral  i>ressuie  to  ade(piately 
supply  the  brain  with  blood,  the  convulsion   will   not   occur. 

Er\-in^  has  studied  the  relation  of  blood  ])ressure  to  con\  iilsions.  He  says, 
"It  is  well  known  that  the  bloivd  pressure  is  a  function  of  tin-  intracranial  pres- 
sure, rising  directiv   with    it.      Normally   the   bloo<l   pressure   is  higher   than   the 


^Ervin:      Jour.    Anur.    .Mi-d.    Assn.,    l')18,    l.\x,    1218. 


720  THE   JOURNAL  OF   LABORATORY  AND  CLINICAL   MEDICIXE; 

intracranial  pressure.  The  height  of  the  blood  pressure  over  that  of  the  intra- 
cranial, or  the  difiference  between  the  two,  is  a  margin  of  safety.  As  these  two 
approximate  each  other,  as  the  margin  diminishes  toward  zero,  or  even  tends  to 
become  a  negative  quantity  ( that  is,  when  the  blood  pressure  is  less  than  the 
intracranial  pressure )  less  blood  is  sent  to  the  brain." 

When  this  happens  the  brain  must  undergo  some  changes,  one  of  which 
shows  itself  in  fag  of  the  vasomotor  center.  When  this  occurs  the  blood  pres- 
sure which  has  been  maintained  as  high  as  possible  to  counteract  the  high  intra- 
cranial pressure,  drops.  The  intracranial  pressure  now  becomes  greater  than 
that  of  the  blood,  the  pupils  dilate,  and  the  convulsion  comes  on.  The  muscular 
contractions  of  the  muscles  play  a  vicarious  part  in  improving  the  condition  by 
forcing  blood  from  the  periphery  and  increasing  the  amount  sent  to  the  brain. 
With  this  increased  blood  supply  the  centers  take  up  their  work  again  for  the 
time  being,  and  the  convulsion  passes. 

Ervin  shows  by  his  observations  upon  his  patients  that  a  drug  like  nitro- 
glycerine which  will  reduce  the  blood  pressure  will  also  tend  to  produce  a  con- 
vulsion if  it  is  given  at  a  time  when  the  factor  of  safety  is  small,  whereas  a  drug 
like  adrenaline  which  will  increase  the  blood  pressure  will  tend  to  prevent  or  to 
shorten  a  convulsion  if  it  is  given  at  the  appropriate  time. 

—P.  G.  IV. 
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RECENT  ASPECTS  OF  STREPTOCOCCUS  INFECTION 

By  Frederick  P.  Gay.  Major,  M.R.C,  U.  S.  Army.- 


NO  group  of  bacteria  can  claim  more  varied  and  more  numerous  types  of 
proved  and  possible  pathogenic  activity  than  the  streptococci.  Although 
these  microorganisms  are  readily  recognized  and  usually  easily  isolated  their 
mode  of  infection  is  often  so  unsuspected  and  their  manifestations  so  protean 
that  only  in  the  recent  years  have  their  possibilities  of  harmful  action  been 
realized.  An  attempt  is  made  in  this  review  to  collect  and  correlate  the  ex- 
tensive literature,  the  bulk  of  it  American  in  origin,  on  this  subject  that  has 
apjieared  in  recent  years.  The  incentive  to  this  collection  has  been  the  occur- 
rence of  the  severe  epidemic  form  of  streptococcus  bronchopneumonia  and 
empyema  which  has  occurred  in  army  cantonmeiUs  during  the  past  few  months. 

Streptococci  occur  in  water,  dust,  and  milk,  but  their  presence  there  is  per- 
haps more  accidental  than  has  usually  been  assumed  (Broadiiurst ).  At  all 
events  our  interest  is  greater  in  the  fact  that  these  organisms  are  present  reg- 
ularly in  the  alimentar}'  canal  of  man  and  the  domestic  animals  and  that  they 
are  associated  directly  or  indirectly  in  numerous  human  and  animal  diseases. 

Any  consideration  of  the  streptococci,  whether  from  the  point  of  \ie\\  of 
their  habitat,  or  of  the  epidemiology',  pathogenesis  and  specific  therapy  of  dis- 
ease at  once  involves  discussion  of  the  unity  or  multiplicity  of  the  existent  spe- 
cies. The  successive  discoveries  of  streptococci  in  apparently  causati\e  relation 
to  such  diverse  disease  processes  as  erysipelas,  i)uerperal  fe\or,  endocarditis, 
rheumatic  fever,  general  septicemia  and  septic  sore  throat  would  suggest  at  least 

"From     the    Joliii     Ilt-rr     ^^llss^•r     Dcparlniciit     of     Kcsr.inli     Mccliiiiu'.     I   nivci -.ilv     nl      I'miisylvania. 
I'ikUm-    till-    direction   of    Division    of    Mi-diciiU'    an<l    Kilalcil    Sciftu-<-,    NatiuM.il    Ki--i;uih    t.'nuniil. 
I'ul>li>lu(l    !)>■    iicrinission    of   flic    SurRconCicncral. 
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that  there  are  many  allied  though  similar  specific  strains.  Recent  work  on  ex- 
perimental streptococcus  infection  would  indicate  a  delicately  adjusted  selective 
affinity  on  the  part  of  individual  strains  of  the  organism,  in  consonance  with 
what  is  observed  under  natvn-al  disease  conditions.  It  seems  at  least  logically 
possible  that  two  strains  (jf  a  given  microorganism  which  are  identical  by  all 
morphological  and  cultural  criteria  currently  employed  may  differ  sharply  in  re- 
spect to  the  diseases  they  produce.  \\  e  know  certainly  that  two  such  strains  do 
differ  quantitatively  in  virulence. 

It  is,  however,  of  first  importance  in  attempting  to  separate  streptococci  in- 
to groups  to  detect  constant  and  reliable  morphologic  or  physiologic  differences 
between  them  and  it  may  at  once  be  admitted  that  earlier  attempts  of  this  sort 
were  unsatisfactory.  The  size  or  appearance  of  the  individual  cocci,  their  ar- 
rangement in  pairs  rather  than  chains,  the  length  of  the  chains  themselves,  and 
the  grow^th  in  ordinary  media,  have  all  been  realized  to  represent  variations  which 
may  He  within  the  life  histon,-  of  any  pure  strain  that  is  naturally  or  artificially 
submitted  to  differences  in  environment.  We  shall  direct  our  attention  solely 
to  the  more  recent  methods  of  classification  which  have  been  shown  to  be  of 
more  constant  and  significant  value. 

CLASSIFICATIOX   OF   THE    STREPTOCOCCI   ON    THE   BASIS   OF    PRODL'CTIOX    OF   A    HEMO- 

TOXIN    (hemolysin) 

The  most  significant  property  possessed  by  certain  of  the  stre])tococci  is 
that  of  dissolving  red  blood  cells.  The  fact  that  this  pro])erty  is  confined  to 
certain  types  of  streptococci  and  not  possessed  by  others  serves  not  only  as  a 
method  of  classification  among  streptococci  but  also,  at  least  to  some  extent, 
bears  a  definite  relation  to  the  pathogenic  properties  of  the  hemolytic  strains. 
Marmorek^"-  (1895),  who  was  the  first  to  work  systematically  with  the  problem 
of  streptococcus  immunization,  believed  firmly  in  the  unity  of  the  streptococcus, 
basing  his  opinion  largely  on  the  uniform  properties  which  his  cultures  showed. 
These  properties  were  first  of  all  the  ability  of  all  his  human  ])athogenic  strains 
to  produce  lysis  of  red  blood  cells  as  evidenced  by  the  hemorrhagic  exudate  in 
the  bodies  of  infected  rabbits.  vSecondly,  he  utilized  as  a  criterion  of  unity  the 
inability  of  any  strain  of  streptococcus  to  grow  in  the  filtered  culture  fluid  in 
which  any  other  streptococcus  had  grown  and  lastly  he  found  that  an  antiserum 
against  a  given  strain  of  strejitococcus  neutralized  the  infectivity  not  only  of 
ihat  particular  strain  but  of  all  the  other  strains  of  streptococcus  with  which  he 
was  working.  This  property  of  producing  lysis  of  red  blood  cells  in  the  animal 
body  possessed  by  human  pathogenic  strains  of  streptococcus  was  further  noted 
by  Bordet  in  1897  and  in  1901  Resredka  found  that  the  filtrates  of  streptococcus 
cultures  likewise  had  the  property  of  dissolving  red  blood  cells  in  the  test  tube. 
It  was  not,  however,  until  19C3  that  Schottmiiller  suggested  that  this  hemolytic 
l)roperty  be  used  as  a  means  of  classifying  the  streptococci. 

By  smearing  human  pathogenic  strains  of  streptococcus  on  40  per  cent  blood 
agar  plates,  Schottmiiller  found  that  these  organisms  readily  fall  into  three  defi- 
nite groups  in  accordance  with  their  effect  on  the  blood  medium,  the  character- 
istics of  each  of  which  are  brieflv  as  follows : 


RECEXT    ASPECTS    OF    STREPTOCOCCUS    IXFECTIOX  723 

1.  Xumljer  of  human  strains,  particularly  those  derived  from  acute  and 
se\ere  generalized  infections  such  as  erysipelas,  puerperal  infection,  scarlet  fe- 
\f\-  and  empyema  are  dififerentiated  in  their  growth  by  producing  a  clear  zone, 
2  to  omm.  in  diameter,  surrounding  each  individual  colonv  from  which  the 
red  blood  cells  disappear.  This  hemolytic  zone  varies  slightlv  in  degree  with 
individual  strains  of  the  organism  but  unmistakably  and  clearlv  separates  them 
from  streptococci  belonging  to  the  other  two  groups.  This  first  type  of  hemo- 
l\tic  streptococcus  Schottmiiller  designated  as  Streptococcus  longus  or  er\si- 
pclatis.     It  is  since  currently  referred  to  as  Streptococcus  hemolyticus. 

2.  The  second  type  of  streptococcus  is  characterized  by  the  reduction  of 
hemoglobin  in  the  red  blood  cells  surrounding  the  colony,  with  the  formation  of 
a  greenish  coloration  from  which  the  name  of  Streptococcus  viridans  or  iiiitior 
was  chosen  for  this  group  of  organisms.  The  Streptococcus  viridans  occurs 
characteristically  in  subacute  human  infections  as  in  abscesses,  endocarditis  and 
meningitis.  The  designation  of  "mitis"  or  "mitior"  indicates  the  relatively  slight 
A  irulencc  of  this  organism  both  for  man  and  experimental  animals  as  compared 
with  S.  hemolyticus. 

3.  The  third  class  of  streptococcus  of  human  pathogenic  significance  is  in- 
different in  its  action  on  red  l)lood  cells;  is  characterized  by  a  slimv  mucoid 
growth,  is  capsulated  and  was  designated  Streptococcus  imtcosiis.  This  organism 
occurs  particularly  in  certain  severe  cases  of  lobar  pneumonia  and  generalized 
infections.  Although  this  organism  was  originally  described  as  a  streptococcus 
by  Howard  and  Perkins,  more  recent  studies  (Longcope  and  Hanes )  have  shown 
that  it  should  with  few  exceptions  (Dochez  and  Gillespie)  undoubtedly  be  classi- 
fied among  the  pneumococci  on  the  basis  of  bile  solubility,  inulin  fermenting 
properties  and  immunity  reactions.  It  forms  the  Type  III  pneumococcus  of 
present  classification. 

Rosenow  in  1904  independently  drew  attention  to  the  blood  plate  method  as 
a  means  of  separating  the  pneumococcus  from  the  streptococcus  since  the  former 
produces  an  eft'ect  identical  with  the  Streptococcus  viridans  in  l)]oo(l  and  the 
particular  strains  of  the  strej)tococcus  with  which  R(jsenow  worked  were  all 
sharply  hemolytic.  In  1906  Ruediger  found  the  strains  of  streptococcus  which 
he  isolated  from  scarlet  fever  cases  all  produced  definite  hemolysis  and  noted 
moreover  that  such  strains  were  more  virulent  for  rabbits  than  the  \iridans  cul- 
tures. Since  these  j)reliminary  observati(;ns  increasing  significance  has  been 
given  to  the  absence  or  pre.sence  of  hemolysis  in  blood  cultures  of  streptococcus 
as  a  means  of  classification.  In  conjunction  with  tlie  sugar  fermentation  tests 
to  be  later  considered  it  is  found  that  hemolysin  ])roduction  forms  the  (irst  step 
in  a  satisfactory  basis  of  classification  ot  the  known  types  of  streptococcus  whicii 
ha\e  been  encountered.  It  seems  fairl\-  certain  that  the  propcrtx  of  i)emolvsin 
production  is  constant  in  any  given  strain  as  shown  by  tlie  work  of  .\nlhon\-  and 
more  particularlv  b\'  that  of  McIyCod.  The  ultiinalr  cIa^-^i(n•,■|ti()Il  of  Niicptococci, 
l)articularl\-  of  luuiian  ]ialhogcnic  strains,  is  iininc(HatcIy  Niniplil'icd  and  rciidrred 
intelligible  by  a  primary  classification  on  the  basis  of  hemolysis  as  has  been 
shown  by  the  work  of  Thro,  and  morr  rcci-ntly  by  Ilolman  and  by  Hlake.  Cry 
lain  modifications  in  the  original  blood  jilate  metiio(|   u>e<I  by   SchottnuiHer  have 


724  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

been  suggested.  Lyall/-  for  example,  tests  hemolysin  production  by  adding  a 
suspension  of  defibrinated  sheep  corpuscles  to  broth  cultures.  Smith  and  Brown 
and  Smillie  prefer  to  use  poured  blood  plates  using  deep  colonies  for  the  de- 
tection of  the  true  hemolytic  strains  (their  Beta  type  of  streptococcus).  The 
mai'ority  of  observers,  however,  prefer  the  superficial  streak  method  proposed  by 
Schottmiiller  as  giving  a  more  uniform,  rapid  and  characteristic  result.  Prac- 
tically the  only  recent  workers  with  streptococcus  who  have  failed  to  obtain 
fully  successful  results  with  the  blood  plate  method  are  Hopkins  and  Lang. 
These  authors  found  that  all  stages  of  variation  exist  between  true  hemolytic 
strains  and  the  viridans  strains  but  as  Blake  has  pointed  out  it  is  probable  that 
their  results  are  to  be  explained  by  the  fact  that  their  observations  extended  over 
several  days'  growth  of  the  cultures  instead  of  being  made  at  the  end  of  24 
hours  as  is  the  usual  method,  and  that  their  medium  was  not  uniform  in  com- 
position. 

Various  bloods  have  been  used  in  detecting  hemolytic  streptococci.  Those 
most  frequently  employed  are  human,  horse  and  rabbit.  Becker  who  has  made 
comparative  studies  with  blood  from  several  species  gives  reasons  for  regarding 
human  blood  as  superior  to  others.  In  this  connection  it  should  be  noted  that 
Breton  has  found  that  the  order  of  increasing  susceptibility  of  different  bloods 
to  destruction  runs  as  follows,  rabbit,  man,  horse,  guinea  pig,  goat  and  ass.  Con- 
siderably smaller  percentages  of  blood  than  that  proposed  by  Schottmiiller  rang- 
ing from  5  to  20  per  cent  have  been  found  most  satisfactory.  It  should  be  noted 
at  this  point  that  the  presence  of  a  fermentable  sugar  (e.  g.  dextrose)  in  blood 
agar  prevents  hemolysis  (Ruediger,-  Lyall'-  and  Davis).  Hemolytic  strains 
grown  under  these  conditions  resemble  methemoglobin  or  viridans  strains,  and 
the  green  pigment  in  the  latter  is  increased  in  the  presence  of  sugar  (Aschner). 
Ruediger'  was  apparently  incorrect,  however,  in  assuming  that  methemoglobin 
production  by  the  viridans  strains  is  due  to  acid  production  for  Blake-  has  shown 
that  it  takes  place  in  presence  of  a  buifer  mixture  of  primary  and  secondary  po- 
tassium phosphates,  where  neutrality  is  maintained.  The  latter  writer  has  also 
demonstrated  that  the  action  of  viridans  takes  place  only  in  presence  of  oxygen 
and  consists  in  the  reduction  of  oxyhemoglobin  to  methemoglobin. 

Some  work  has  been  done  with  the  nature  of  the  hemolytic  substance  pro- 
duced by  streptococci  by  Ruediger,-*  by  Besredka,  by  Breton  and  by  Lyall.  The 
hemolysin  is  best  formed  in  cultures  when  serum  is  added  to  the  medium.  The 
hemotoxin  is  destroyed  by  heating  to  56°  for  30  minutes  (Lyall).  According  to 
Lyall  the  hemolysin  seems  definitely  associated  with  the  bacterial  bodies  rather 
than  in. solution.  Opinion  would  differ  as  to  the  antigenic  properties  of  this  toxic 
substance.  Breton  and  Tchitchkine  claim  to  have  produced  an  antistreptolysin 
in  rabbits  whereas  Ruediger  and  Besredka  both  failed.  It  would  appear  from 
McLeod's  vv-ork  that  hemolysin  production  in  the  body  of  susceptible  animals  is 
distinctly  greater  than  is  produced  in  the  test  tube. 

No  little  interest  and  importance  attaches  to  the  relation  of  hemolysin  pro- 
duction to  the  pathogenicity  of  streptococcus  strains.  Whereas  it  is  certain  that 
the  majority  of  the  most  characteristic  pathogenic  human  strains  are  hemolytic 
it  would  seem  the  opinion  of  many  observers  from  Schottmiiller  on  that  there  is 
no  direct  quantitative  relation  between  the  grade  of  hemolysin  production  and 


RECENT    ASPECTS    OF    STREPTOCOCCUS    IXFECTIOX  725 

the  pathogenicity  of  any  given  organism,  e.g.  P'loyd  and  ^^'olbach,  LyalL-  Mar- 
niorek*"-  who  was  first  to  observe  hemolysin  production  regarded  it  as  very  defi- 
nitely associated  with  \irulence  not  only  qualitatively  but  quantitatively.  Lin- 
gelsheim  holds  the  same  opinion.  The  entire  question  has  recently  been  re- 
viewed by  McLeod  whose  consideration  of  the  problem  would  seem  at  once  more 
direct  and  convincing  than  that  of  previous  observers.  AlcLeod  in  reviewing 
the  literature  on  the  subject  finds  that  16  authors  have  expressed  disbelief  in  any 
direct  relation  between  hemolysin  production  and  virulence ;  6  authors  have  ex- 
pressed a  neutral  attitude  whereas  9  believe  there  is  a  definite  relation  between 
the  two  properties  in  streptococcus  and  in  7  additional  publications  there  is  in- 
direct evidence  which  would  seem  to  confirm  the  latter  point  of  view.  McLeod 
brings  out  the  important  experimental  point  which  would  seem  to  have  been 
overlooked  by  most  observers  which  is  that  any  observation  which  proves  or  dis- 
proves the  relation  of  hemolysis  to  pathogenicity  must  be  based  on  hemolysis 
demonstrated  primarily  in  7.'ivo  in  the  particular  animal  concerned  in  the  viru- 
lence test.  The  author  concludes  from  his  own  observations  that  the  degree  of 
hemolysin  production  in  the  animal  body  is  closely  related  to  virulence.  As  a 
basis  for  estimating  virulence  for  man  of  human  strains  of  streptococcus  he  pro- 
posed determination  of  the  grade  of  hemol}'sis  produced  on  human  red  blood 
cells  in  suspension. 

The  majority  of  authors  who  ha\c  used  the  blood  plate  method  as  a  means 
of  primary  differentiation  between  strains  of  streptococci  have  proceeded  further 
to  classify  these  strains  both  on  the  hemolytic  and  nonhemolytic  side  by  the  em- 
ployment of  carbohydrate  tests  originally  introduced  by  Gordon.^"-"  Schottmiil- 
ler  regarded  all  hemolytic  strains  as  belonging  to  a  single  group  and  such  is 
the  opinion  of  Blake  who  has  ofi:'ered  the  most  recent  classification.  Holman. 
however,  whose  classification  is  certainly  mcjre  comprehensi\e,  (li\ides  the  hemo- 
lytic strains  of  streptococci  on  the  basis  of  fermentation  tests  into  eight  groups. 
There  can  be  no  question  that  such  groups  exist  and  may  be  regarded  as  fairl\- 
constant.  It  is  true,  however,  as  Blake  has  pointed  out  that  at  least  four  of  these 
hemolytic  groups  of  Holman  are  qualitatively  of  minor  importance,  containing 
as  they  do  a  very  small  number  of  representative  strains  and  showing  no  par- 
ticular relation  in  any  instance  to  a  specific  disease  process.  As  further  evidence 
of  the  unity  of  various  hemolytic  strains  in  spite  of  certain  differences  in  their 
fermentation  of  carbohydrates  may  be  mentioned  the  fact  that  they  would  seem 
to  agree  in  such  immunity  tests  as  alexin  fixation  (Howell,  Kinsclla)  in  agglu- 
tination tests  and  also  in  cross  anaj^hylactic  tests  in  the  exj^erinients  of  Davis. =^ 

The  eft'ect  of  streptococci  on  blood  may  serve  as  a  furdier  means  of  classi- 
fication apart  from  the  simjile  separation  of  hemolytic  and  nonhemolytic  strains. 
Under  the  nonhemolytic  strains  it  is  found  that  certain  organisms  reduce  oxy- 
hemoglobin to  mctliemogl(t])in  producing  green  coloration  of  the  viridans  cul- 
tures to  which  reference  has  been  made.  These  green  pigmented  strains  of  streji- 
tococci  on  l)lood  mav  be  separated  from  those  that  jjroduce  no  efi'ect  on  the  me- 
dium. Holman  classifies  l)olh  llic  nuthcnio.L^Idbiii  and  the  indilTerent  strains  to- 
gether, although  he  divides  the  hemolytic  strains  into  eight  varieties.  On  the 
other  hand  Lvall  would  make  two  separate  groups  in  accordance  with  these  pe- 
culiarities. 
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CLASSIFICATION   OK  STREPTOCOCCI  ON  THE  BASIS  OF  FERMENTATION   OF  THE  SUGARS 

Differential  sugar  media  were  first  used  in  classifying  streptococci  by  Gor- 
don^"-"'^  (1903-1905)  who  used  seven  different  substances  for  this  purpose;  lac- 
tose, saccharose,  raffinose,  inulin,  salicin,  coniferin  and  mannite.  He  tested  300 
strains  of  streptococci  and  obtained  many  types.  This  work  was  extended  by 
Andrews  and  Horder  (1906)  who  correlated  the  studies  of  Gordon  and  of  Hous- 
ton '^'-  and  on  the  basis  of  the  study  of  1200  strains  classified  streptococci  into  6 
more  or  less  definite  groups  all  of  which  are  represented  in  the  more  modern 
classification,  for  example,  in  that  of  Holman.  Since  the  pioneer  studies  of  Gor- 
don and  of  Andrews  and  Horder  numerous  attempts  have  been  made  to  classify 
streptococci  on  the  basis  of  carbohydrate  fermentation  alone.  These  attempts 
have  included  varying  numbers  of  strains  from  different  sources  and  the  results 
so  far  as  simplification  or  correct  understanding  of  the  actual  varieties  of  strepto- 
cocci are  concerned,  are  confusing.  This  confusion  is  due  first  of  all  to  the  fail- 
ure of  the  majority  of  workers  to  introduce  a  primary  separation  by  the  blood 
plate  method  and  secondly  to  individual  variations  in  technic.  The  original 
types  identified  by  Andrews  and  Horder  have  for  the  most  part  been  recognized 
but  their  significance  and  relative  importance  in  the  hands  of  each  observer  have 
varied  markedly.  The  importance  of  classification  from  the  standpoint  of  human 
pathogenesis  should  rest  primarily  on  the  relation  of  particular  strains  to  some 
human  disease  process  and  it  must  be  admitted  that  such  identification  is  not  at 
the  present  time  possible.  We  recognize,  however,  that  the  hemolytic  types  are 
particularlv  concerned  with  the  more  severe  and  acute  disease  processes.  There 
mav  also  be  some  relation  between  fermentation  reactions  alone  and  such  a  proc- 
ess but  they  are  certainly  not  so  definite.  x'\mong  those  investigators  who  have 
relied  entirely  on  fermentation  tests  in  classifying  streptococci  may  be  men- 
tioned Buerger,  Winslow  and  Palmer,  Bergey,  Fuller  and  Armstrong,  Stowell, 
Hilliard  and  Schleisinger,  Hopkins  and  Lang  and  Broadhurst.^- 

Before  proceeding  to  the  more  simplified  and  satisfactory  classification  which 
makes  use  of  the  blood  plate  method  followed  by  carbohydrate  differentiation, 
note  should  be  made  as  to  the  more  important  criteria  by  which  carbohydrate  fer- 
mentation has  been  studied  with  an  effort  to  point  out  the  most  recent  and  satis- 
factory methods  in  vogue.  In  the  first  place  it  was  evident  from  much  of  the 
early  work  that  failure  to  demonstrate  carbohydrate  fermentation  depended  in 
no  small  part  on  the  unsuitableness  of  the  culture  medium  employed  in  demon- 
strating the  results.  Buerger  attempted  to  improve  this  deficiency  by  adding  as- 
citic fluid  to  the  carbohydrate  broth  solution  a  method  which  was  later  employed 
by  Thro^"-  who  noted,  however,  the  possibility  of  introducing  an  easily  ferment- 
able sugar  such  as  dextrose  in  this  fluid.  Broadhurst'  obtained  better  results 
by  using  a  meat  infusion  broth  than  when  meat  extract  broth  was  employed. 
Holman-  has  suggested  a  very  satisfactory  medium  containing  dilute  bovine  se- 
rum added  to  the  carbohydrate  dissolved  in  meat  extract  broth.  It  is  obvious 
that  no  authentic  results  can  be  obtained  unless  the  organism  is  given  favorable 
conditions  for  growth. 

The  method  employed  in  determ.ining  acid  production  again  has  varied  in 
the  hands  of  different  observers.     Litmus  has  been  employed  by  several,  notably 
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Ijv  Bcrgey  and  Hoi)kins  and  Lang.  An  attempt  at  greater  accuracy  in  the  demon- 
.-tration  of  tiner  ditferences  in  the  amount  of  acid  produced  by  titration  of  the 
.  uhure  fluid  witli  i)henolphthalein  as  an  indicator  has  been  employed  by  Wins- 
low  and  Palmer,  Fuller  and  Armstrong,  Broadhurst,  Smith  and  Brown  and 
B)lake.  It  is  doubtful,  however,  if  the  variations  noted  give  information  of  im- 
poriance.  Some  of  the  more  recent  observers,  notably  Holman'  and  Henrici  have 
emi)loyed  Anrade's  indicator  instead  of  the  original  litmus  to  indicate  acid  pro- 
duction. 

Carbohydrate  fermentation  in  the  majority  of  instances  is  demonstrated  in 
a  1  per  cent  solution  of  the  sugar  in  question  added  to  a  sugar  free  broth  but  al- 
most always  in  fluid  media  although  some  ol)servers  ha\e  used  agar  slants  for 
ihe  ])urpose. 

In  our  opinion  the  most  satisfactory  classification  of  streptococci  is  that  of 
Holman  which  consists  in  a  primary  differentiation  of  hemolytic  and  nonhemo- 
lytic strains  by  the  superficial  streak  method  on  blood  agar  followed  by  classi- 
fication on  three  sugars;  lactose,  mannite  and  salicin.  All  sugar  tests  are  made 
in  a  meat  extract  sugar  broth  to  which  has  been  added  dilute  sterile  bovine 
serum.  Incubation  from  3  to  5  days  is  made  and  the  acid  production  is  indicated 
by  Anrade's  indicator,  included  in  approitriaie  amount,  in  the  original  extract 
liroth.  Holman  has  studied  a  large  number  of  strains  isolated  by  himself  and 
others  and  has  correlated  his  findings  in  the  general  scheme  of  classification 
which  he  offers,  so  far  as  possible  with  those  of  previous  investigators.  As  a 
result  he  finds  that  16  types  of  streptococci  may  be  recognized,  8  hemolytic  and  8 
nonhemolytic.  Under  the  nonhemolytic  are  included  true  viridans  cultures  as 
well  as  those  which  have  no  effect  upon  the  blood  medium.  Lyall,  as  already 
mentioned,  would  prefer  in  his  classification  to  further  subdivide  the  nonhemo- 
lytic strains  into  methemoglobin  and  indifferent  strains  and  such  a  classification 
mav  be  utilized  if  desirable.  A  careful  inspection  of  Holman's  groui)s  of  strepto- 
cocci shows  as  Blake  has  pointed  out  that  many  of  them  may  be  judged  to  be  of 
minor  importance  from  the  numbers  of  actual  strains  thai  ha\e  been  found. 
Xor  is  the  relation  of  any  one  of  these  minor  groups  to  any  particular  disease 
])rocess  striking.  Tf  we  omit  the  least  important  of  these  groups  we  find  our- 
selves confronted  with  six  major  strains  of  streptococci,  2  hemolytic  and  4  non- 
hemolytic, and  it  is  interesting  to  note  that  these  strains  are  ])recisely  those  orig- 
inally described  bv  .Xndrews  and  Horder.  They  are  presented  in  the  following 
table  which  includes  hem(»lysin  production,  their  i)rincipal  fermentation  reac- 
tions  and    their   origin    as    derixed    from     ilolman's     tallies.        (See     'V-a\>]v     1.) 

CEASSIFICATIOX   OF  THE  STREPTOCOCCI   OX   THE   IIASISOI'   IMMCMTV    KEACTIOXS 

The  various  immunity  reactions  so  fre(iuenlly  employed  for  diagnostic  pur- 
poses such  as  agglulination,  anaphylaxis  and  .dexin  fixation  give  the  most  con- 
\incing  evidence  of  biological  groui)ing.  Separate  strain-^  ol  b;ictcria,  tor  ex 
ami)le  of  pneumococci,  although  indislingui'-hablr  by  cultural  inethods  ina\  be  ;il 
located  in  separate  groujis  b\-  appropriate  reactions  ot  this  sort.  Tlu'se  n-sults  ari- 
available,  moreoxer,  not  onl\-  for  the  purjjoses  of  classification  but  tin-m  the  ni'c- 
essarv  prelude  to  intelligent  attempts  at  specific  therapy.  The  bulk  of  the  work 
on   ininnmolo'dc  classification  of   strejilocorci   h.is  been   (loiir   in   coiuiectioii   with 
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THE 


Table  I 

MORE    IMPORTANT    STREPTOCOCCI     IN     HOLMAN's     CLASSIFICATION 


HEMOLYSIS 

LACTOSE 

MANNITE 

SALICIN 

ORIGIN 

S.  pyogenes 

+ 

+ 

- 

+ 

Nose  and  throat,  pus,  blood. 

S.  anginosus 

+ 

+ 

Nose,  throat  (scarlet  fever) 
blood,  endocarditis,  septi- 
cemia, epidemic  sore 
throat. 

S.  fecalis 

0 

+ 

+ 

+ 

Human  and  animal  feces, 
milk,  rheumatism,  endo- 
carditis. 

S.  mitis  or  viridans 

0 

+ 

+ 

Nose  and  throat,  human  and 
animal,  tonsils,  pyorrhea, 
endocarditis,  abscess, 
rheumatism. 

S.  salivarius 

0 

+ 

- 

- 

Throat,    pyorrhea,   milk. 

S.  equinus 

0 

— 

— 

+ 

Feces  (horse  and  man) 
throat  (?)  urine,  pyor- 
rhea. 

the  study  of  antistreptococcus  serum.  It  has  dealt  largely  with  the  question  of 
unity  or  multiplicity  of  the  streptococci  in  general  and  as  associated  with  disease 
entities.  For  the  most  part  these  particular  studies  have  not  been  preceded  by 
any  consideration  of  hemotoxin  production  or  fermentative  reactions.  For  this 
reason  we  shall  consider  at  this  point  only  immunological  tests  as  related  to  the 
more  purely  biological  grouping  of  streptococci  and  leave  the  more  extensive 
relations  of  pathogenicity  as  related  to  antigenic  properties  to  a  later  section. 

Swift  and  Thro  attempted  to  demonstrate  the  relations  of  several  strains 
of  streptococci  to  one  another  by  carefully  testing  cultures  of  each  strain  with 
a  corresponding  series  of  antisera  each  prepared  by  immunization  with  a  single 
one  of  these  strains.  They  were  dealing  for  the  most  part  with  viridans  cul- 
tures and  found  that  agglutination  and  conglutination  reactions  did  not  serve 
to  separate  their  strains  from  one  another  although  specific  for  streptococci. 
Fixation  reactions  on  the  contrary  seemed  to  show  that  most  strains  produced  a 
separate  immune  body,  in  other  words  that  viridans  strains  were  largely  hetero- 
geneous. Similar  results  wdth  a  more  extensive  series  of  cultures  have  since 
then  been  obtained  by  Kinsella  and  Swift  and  by  Howell.  Kinsella  and  Swift 
were  able  to  make  three  general  groups  of  the  viridans  strains  which  tend  to 
overlap.  Howell  similarly  finds  also  that  there  are  less  specific  fixations  among 
the  viridans  than  among  the  hemolytic  group  but  that  strains  from  specific  disease 
entities  tend  to  fall  together.  She  finds  further  no  correlation  between  fixation 
reactions  and  fermentation.  In  unpublished  experiments  Kinsella  has  found  that 
the  hemolytic  strains  group  together  in  fixation. 

Several  less  definite  conclusions  are  drawn  by  other  earlier  observers  of  the  ag- 
glutination reaction.  Floyd  and  Wolbach  in  a  limited  series  found  a  correlation 
between  fermentative  reactions  and  agglutination  and  fixation  reactions.  Kliger 
concluded  that  the  agglutination  test  is  of  no  value  in  classifying  streptococci. 
Krumwiede  and  Valentine  regarded  viridans  strains  as  heterogeneous  on  the  basis 
of  agglutination  tests.     Smith  and   Brown  and  others  have  used   agglutination 
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tests  successfully  to  demonstrate  relationship  between  organisms  isolated  from 
different  cases  in  a  given  epidemic  of  streptococcus  infection.  Certain  of  these 
observations  on  the  agglutination  reaction  in  less  experienced  hands  may  be 
open  to  suspicion  of  technical  inaccuracy,  for  the  streptococcus  is  particularly 
difficult  to  work  with  satisfactorily. 

Davis-  has  attempted  to  classify  streptococci  by  the  anaphylactic  test  bv  in- 
jecting a  series  of  guinea  pigs  with  a  given  strain  and  attempting  intoxication 
of  each  one  in  the  series  with  a  separate  strain  14  to  26  days  later.  His  conclu- 
sions would  seem  to  agree  with  those  obtained  from  fixation  reactions,  namely, 
that  there  is  no  cross  sensitization  between  hemolytic  and  viridans  cultures ; 
hemolytic  strains,  however,  interact. 

These  immunity  tests  so  far  as  carried  out  seem  to  agree  with  biochemical 
reactions  and  indicate  that  the  hemolytic  group  of  streptococci  are  closeh'  allied 
and  are  separate  from  the  viridans  strains.  Viridans  strains  are  presumably 
more  heterogeneous.  The  last  and  most  conclusive  type  of  experiment  in  con- 
nection with  other  purely  biological  characteristics  remains  to  be  tested.  Will 
a  given  strain  of  a  certain  group  of  streptococcus  when  used  for  the  production 
of  an  active  immunity  protect  against  itself  only  or  against  several  or  all  strains 
of  that  group?  Will  the  serum  of  such  a  protected  animal  transfer  passive  im- 
munity against  the  homologous  strain  only  or  against  a  number  of  strains? 
These  questions  again  are  ones  which  will  concern  us  primarily  in  discussing 
immunization  against  the  streptococcus. 

MUTATIONS   IN    STREPTOCOCCI 

Much  confusion  in  the  question  of  ultimate  classification  of  the  streptcjcocci, 
as  indeed  in  the  classification  of  other  bacteria,  arises  from  the  debated  question 
of  mutation.  All  progress  in  bacteriology  so  far  as  relating  a  given  type  of  bac- 
terium to  a  certain  disease  has  depended  on  what  would  seem  a  justifiable  con- 
fidence in  the  constancy  of  bacterial  species.  Each  successive  refinement  in 
technic  enables  us  still  further  to  subdivide  organisms  which  are  practically 
a  single  species,  as  in  the  case  of  the  pneumococcus  and  the  differentiation  be- 
tween the  paratyphoid  bacilli  and  the  typhoid  bacillus,  but  all  c\idence  is  that 
each  one  of  these  types  or  varieties  is  relatively  fixed  ncjt  onl_\-  in  its  cultural 
characteristics  but  also  in  its  pathogenic  pro])erties.  On  the  other  hand  it  is  evi- 
dent to  all  experienced  bacteriologists  that  minor  variations  in  [hv  plusiological 
properties  of  bacteria  occur  with  natural  or  artificial  changes  in  tlieir  environ- 
ment. Among  such  changes  may  be  mentioned  the  increase  or  decrease  in  the 
property  of  fermenting  sugars  and  a  rise  and  fall  in  pathogenicily.  In  the  case 
of  streptococci  the  growth  in  short  or  long  chains  w  itli  a  corresponding  produc- 
tion of  turbidity  or  sediment  in  broth  are  famiHar  instances.  We  have  already 
referred  to  the  production  of  hemolysin  by  ccrt.iin  strt'])tococii  and  the  reduction 
of  oxyhemoglobin  to  methemoglobin  by  the  viridans  strains  as  being  relatively 
\\\ed  characteristics  which  may  be  utilized  as  a  basis  of  classification.  It  is  true 
that  these  projjcrties  may  l)e  lost  under  certain  unta\'orable  conditions  as  for  ex- 
amjjje  in  the  case  reported  })y  Ruediger  who  by  growing  hemolytic  strei)tococci 
in  glucose  broth  for  two  years  found  that  they  lost  the  propi-rty  of  clearing  blood 
agar.     Anthony  reports  that  only  95  ])er  cv\\\   of  tlu-  ln'in(il\lic   siii']i|ococci   re- 
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main  true  U)  t}-pe.  Smith  and  I^rown  menti(Mi  a  slight  reduction  in  liemolytic 
propert)  in  some  of  their  strains. 

More  fundamental  changes  in  strei)tococci  are  chiimed  In'  (jthcr  observers. 
For  example,  Buerger  and  R}tenl)erg  claim  to  ha\"e  isolated  encapsulated  hemo- 
lytic streptococci  which  b\'  passage  through  white  mice  became  transformed  into 
a  pneumococcus.  Rosenow-  reported  in  1912  that  he  was  able  to  transform  the 
streptococcus  epidemicus,  a  capsulated  organism,  by  growth  on  agar  into  strepto- 
coccus pyogenes  and  by  regrowth  on  milk  to  restore  its  original  condition.  In  a 
later  pubhcation''  he  has  reported  many  more  fundamental  changes ;  by  a  series 
of  passages  through  ex[)erimental  animals  he  claims  to  have  transferred  17 
strains  isolated  as  viridans  into  pneumococci  and  21  strains  of  hemolytic  strepto- 
cocci into  viridans  and  some  of  them  further  into  pneumococci.  Eleven  strains 
of  pneumococcus  were  likewise  made  to  correspond  to  hemolytic  streptococci. 
DaA'is-  has  also  reported  a  few  instances  in  which  he  was  able  to  transform  a 
typical  hemolytic  streptococcus  into  a  streptococcus  mucosus  and  also  the  re- 
verse. Aschner  has  more  recently  described  a  transfer  of  pneumococcus  into 
\iridans  strains  and  a  viridans  strain  into  the  hemolytic  xariety.  Although  iv) 
such  fundamental  mutations  are  claimed,  Broadhurst  in  her  environmental  stud- 
ies on  streptococci,  found  that  certain  rather  striking  differences  in  fermenta- 
tion reaction  covdd  be  produced  in  microorganisms  by  subjecting  them  to  "living" 
en\ironmental  factors  as  for  example  to  fresh  milk,  saliva  and  intestinal  extract. 
She  records  these  changes  as  more  varied  and  constant  than  the  simple  physio-, 
logical  changes  produced  by  unfa\'oral)le  surroundings  and  the  presence  or  ab- 
sence of  suitable  food  stuff's. 

The  more  profound  type  (jf  mutation  such  as  those  suggested  bv  Rosenow 
may  well  shake  our  confidence  in  current  bacteriological  methods  if  they  prove 
to  be  usual.  Exi)erience,  however,  indicates  that  such  changes  if  they  do  occur 
under  natural  conditions  must  be  most  exceptional  and  as  Smith  and  Brown  ex- 
pressed it  they  do  not  under  natural  conditions  proceed  rapidly  enough  to  inter- 
fere with  current  bacteriological  methods.  Certain  fundamental  objections  have 
been  raised  to  the  experimental  production  of  these  mutations  which  are  briefly 
as  follows:  In  the  hrst  place  any  mutation  based  on  the  injection  cjf  a  given 
streptococcus  into  a  normal  animal  and  subsequent  isolation  of  a  different  ty]ie 
of  streptococcus  maybe  due  to  the  isolation  of  a  streptococcus  normally  present  in 
that  animal's  bod}'  rather  than  the  one  injected.  It  has  been  shown  by  Hol- 
man*'^  that  streptococci  and  ])neumococci  occur  frequently  in  the  tissues  and 
even  the  blood  of  guinea  pigs  and  their  isolation  from  animals  which  have  been 
inoculated  with  another  type  of  organism  may  readily  lead  to  overgrowth  of  the 
normal  inhabitant  and  the  supposition  that  it  rei)resents  a  mutation  of  the  injected 
organism. 

In  the  second  place  we  must  consider  whether  or  not  we  are  dealing  in  the 
first  instance  with  pure-line  cultures  as  has  been  outlined  by  Cole  and  \\'right. 
In  other  words  we  must  consider  whether  in  dealing  with  an  apparently  pure 
culture  we  are  dealing  with  the  multiplication  of  a  single  organism  or  with  a 
mixture  of  several  biotypes  some  of  which,  endowed  with  specific  properties,  in- 
crea.se  relatively  rapidly  under  one  set  of  environmental  conditions  at  the  expense 
of  the  others.     The  only  method  of  avoiding  what  is  really  an  impure  culture 
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would  be  isolation  of  a  single  cell  by  the  Barber  method  or  might  be  effected  by 
several  successixe  isolations  from  a  single  colony. 

HEMOLYTIC    STREPTOCOCCI    IN    DISEASES    INVOLVING    THE    THROAT    AND 

RESPIRATORY  TRACT 

The  hemolytic  streptococcus  of  Schottmiiller  corresponds  to  the  organism 
with  the  pathogenic  properties  originally  assigned  to  S.  erysipelatis  (Fehleisen), 
vS.  pyogenes,  or  v^.  longus  (v.  Lingelsheim)  It  is  the  microorganism  usually  found 
in  the  severe  and  often  rapidly  fatal  septic  processes,  in  general  septicemia,  in 
puerperal  fever,  in  erysipelas  and  in  many  forms  of  angina  or  sore  throat.  It  is, 
usually  pathogenic  for  laboratory  animals,  particularly  for  rabbits  and  mice,  al- 
though this  property  will  be  found  to  fluctuate  within  considerable  limits.  It  is 
my  purpose  in  this  review  to  deal  rather  with  the  more  recently  recognized  or 
emphasized  hemolytic  streptococcus  infections  than  with  the  older  and  more 
usual  forms. 

Hemolytic  streptococci  are  intimately  associated  either  directly  as  causative 
agents  or  indirectly  as  secondary  invaders  with  a  number  of  diseases  which  in- 
volve the  throat  and  respiratory  tract.  As  we  shall  see  in  further  detail  strepto- 
cocci are  frequently  the  apparent  cause  of  sporadic  and  epidemic  sore  throat,  of 
bronchopneumonia  and  empyema  and  are  associated  usually  as  secondarv  in- 
vaders in  such  diseases  as  scarlet  fever  and  measles  which  inxoKe  ihe  upper 
respiratory  tract.  The  relation  of  streptococci  to  these  infections  is  compli- 
cated by  the  fact  that  the  streptococcus  is  a  normal  inhabitant  of  the  nose,  throat 
and  tonsils.  The  exact  percentage  of  normal  or  average  indi\iduals  who  show 
streptococci  is  somewhat  doubtful  and  estimates  have  varied  all  the  way  from  1 
to  100  per  cent.  Earlier  observations  in  this  regard  are  of  little  xalue  because  ilo 
classification  of  streptococci  on  the  basis  of  hemolysis  was  given  and  e\en  later 
estimates  are  marred  by  failure  to  specify  what  type  of  streptoccKcus  was  ft)und. 
Ruediger  was  perhaps  the  first  to  make  a  careful  estimate  of  hemolytic  strepto- 
cocci and  of  ])neumococci  in  the  normal  throat  as  com])ared  with  a  series  of  cases 
in  scarlet  fe\  er.  He  found  that  59  per  cent  of  normal  throats  showed  hemolytic 
organisms  in  small  numbers  whereas  a  considerably  larger  percentage  showed  the 
pneumococcus.  It  is  ])rf)bal)le  that  with  the  criteria  then  available  the  pueumococ- 
cus  was  confused  with  the  strc'])tococcus  viridans.  A  recent  estimate  by  v'^millie 
would  put  the  occurrence  ()\  strei)t(;Cocci  in  a\erage  thro;its,  which  i>  meant  to 
include  a  number  of  individuals  suft'ering  from  minor  di>turb;iiues  mu-1i  as 
chronic  tonsillitis,  at  50  ])er  cent.  It  seems  i)robable  through  internal  e\  idence. 
since  Smillie  used  the  vSmith-i'row  n  criteiia  of  hemolysis,  that  at  least  a  large 
percentage  of  these  colonies  were  slre|itoeoecus  \iiidans  (his  .\l|ih;i  type)  as  seen 
in  dee])  colonies.  lie  t'onnd  the  true  heniol\tic  streptococcus  (  iiis  I'.eta  type) 
present  in  only  1  ])er  cent  of  axerage  ihi-oats.  .\t  all  exents  w  t-  eomlude  that 
stre])tococcus  \iriflans  is  more  fre(|uently  present  than  the  hemolytic  --trepio 
coccus  in  normal  thioats  and  when  the  hemolytic  lorni  is  picsenl  it  occurs  in  I'el- 
atively  small  numbers  as  conti-asted  w  ith  large  numbers  in  certain  of  the  diseases 
which  we  are  about  to  discuss.  A  t'uither  possibility  arises,  namely,  that  the 
type  of  hemolytic   streptococcus  present    in   ]i.ithological   conditions  dilters    t  rom 
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that  present  in  normal  strains;  a  possibility  by  no  means  as  yet  sufficienth'  \eri- 
fied  to  be  worthy  of  much  consideration. 

Streptococci  in  Epidemic  Sore  Throat. — Numerous  epidemics  of  septic 
sore  throat  have  been  noted  in  England  since  1875,  and  have  been  admirably 
summarized  by  Winslow  and  by  Savage.  During  the  years  1911  and  1912  three 
diliferent  foci  of  this  disease  appeared  in  the  United  States;  followed  in  the 
years  1913  to  1915  by  several  other  smaller  epidemics.  In  May,  1911,  1,034 
cases  with  38  deaths  occurred  in  and  about  Boston  which  have  been  described 
by  Winslow,  and  later  by  Smith  and  Brown.  In  December  of  the  same  year 
a  large  number  of  cases,  possibly  10,000,  occurred  in  Chicago  which  have  been 
reported  by  Capps  and  Miller  and  Davis  and  Rosenow  in  particular.  In  Febru- 
ary and  March  of  1912  between  1,000  and  3,000  cases  with  about  30  deaths  oc- 
curred in  Baltimore.  These  have  been  reported  by  Hamburger,  by  Leutscher 
and  later  by  Frost,  Stokes  and  Hatchel.  In  1913  several  epidemics  occurred  in 
New  York  State  as  reported  by  North,  White  and  Avery  and  by  Krumwiede  and 
Valentine,-  and  later  in  1915  at  Mount  Vernon  reported  by  Winslow  and  Hub- 
bard. Similar  smaller  epidemics  also  appeared  in  the  surrounding  areas  of  the 
original  epidemics  about  Chicago  (Capps  and  Davis;  Rosenow  and  Moon)  and 
Boston,  (Smillie).  These  later  epidemics  were  apparently  of  considerably  less 
severity  than  the  original  ones. 

This  particular  disease  which  has  been  designated  as  septic  sore  throat  dif- 
fers at  least  in  intensity  very  markedly  from  the  ordinary  follicular  tonsillitis. 
It  is  accompanied  by  extreme  prostration  and  in  the  more  severe  epidemics  by  a 
group  of  serious  and  often  fatal  complications.  Among  these  may  be  men- 
tibiied  peritonsillar  abscess,  otitis  media,  empyema,  arthritis,  nephritis,  peritonitis,, 
erysipelas,  endocarditis  and  meningitis.  The  death  rate  is  by  no  means  slight  as 
indicated  by  the  figures  already  given. 

From  the  very  first  and  even  in  the  earlier  English  epidemics  a  distinct  re- 
lation was  noted  between  these  cases  and  the  milk  supply.  As  early  as  1903 
Pierce  found  moreover  that  there  seemed  to  be  a  relation  between  the  se]itic 
sore  throat  and  the  occurrence  of  mastitis  or  garget  in  the  cows  that  furnishect 
the  milk.  In  the  American  epidemics  the  milk  supply  came  at  once  under  sus- 
picion for  it  was  found  that  the  cases  were  ordinarily  confined  to  the  route  sup- 
plied by  a  single  dairy.  It  was  also  noted  that  at  the  farms  from  which  this 
milk  appeared  there  might  be  cases  of  garget  among  the  cows  and  in  some  in- 
stances a  number  of  cases  of  sore  throat  were  found  among  those  who  handled 
the  milk. 

Hemolytic  streptococci  have,  in  all  the  recent  epidemics,  been  immediately 
found  both  in  the  throats  of  those  ill  of  the  disease,  in  the  lesions  of  the  fatal 
cases  and  also  in  the  milk  supplied  to  them.  Descriptions  of  this  particular 
hemolytic  streptococcus  have  in  general  varied  little  in  the  hands  of  different  ob- 
servers. The  organism  has  been  uniformly  hemolytic  although  the  degree  of 
hemolysis  as  described  varied  somewhat  probably  depending  on  the  type  of 
blood  agar  plates  used  for  differentiation.  The  Chicago  investigators  (Davis 
and  Rosenow,  Rosenow,^  Davis'')  at  first  described  the  regular  occurrence  of  a 
capsule  surrounding  the  organism  which  they  isolated  and  were  inclined  to  re- 
gard it  as  intermediate  between  streptococcus  mucosus  and   streptococcus  pyo- 


RECEXT    ASPECTS    OF    STREPTOCOCCUS    INFECTION  733 

genes.  It  is  evident,  however,  that  this  "Streptococcus  epidemicus"  as  they  at 
first  called  it  can  not  be  regarded  as  a  distinct  variety,  for  Rosenow  found  that 
the  original  strains  when  grown  on  agar  lost  their  capsule  and  subsequently  re- 
gained them  readily  when  grown  for  a  single  generation  in  milk.  Leutscher 
who  also  found  a  capsule  did  not  regard  this  as  sufficient  criterion  on  the  basis 
of  which  to  separate  this  organism  from  S.  pyogenes.  Davis,*  in  his  most  re- 
cent publication,  regards  the  organism  as  identical  with  streptococcus  pyogenes. 
At  all  events  we  know  that  capsules  frequently  appear  in  the  animal  body  and 
may  be  associated  with  the  degree  of  virulence  possessed  by  the  organism  in 
question  (Bordet;  Bail  and  Kleinhans).  The  capsule  originally  described  may 
perhaps  better  be  referred  to  as  capsular  substance  (Smillie). 

The  origin  of  this  particular  hemolytic  streptococcus,  that  is  so  readily  dis- 
tributed by  means  of  milk  and  with  such  serious  effect  has  given  rise  to  con- 
siderable discussion  and  can  not  yet  be  regarded  as  having  been  definitely  settled. 
Streptococci  of  several  varieties  occur  normally  in  perfectly  clean  and  certified 
milk.  The  streptococcus  lacticus  for  example,  a  nonhemolytic  variety  has  been 
regularly  found  by  Ruediger^  and  Heinemann.^-  Hemolytic  streptococci  also  oc- 
cur in  milk  that  is  apparently  healthful  but  its  presence  at  once  suggests  or 
would  apparently  prove  that  there  is  some  disease  of  the  udder  in  the  cow  that 
furnished  such  milk.  (Ruediger,^  Mathers,  and  Davis").  It  has  further  been 
recognized  for  many  years  (Nocard  and  Mollereau)  that  mastitis  or  garget  in 
cattle  is  due  to  a  streptococcus.  The  occurrence,  moreover,  of  cases  of  mastitis 
in  cows  furnishing  milk  that  has  given  rise  to  these  epidemics  is  frequent  though 
by  no  means  invariable  and  suggests  a  bovine  origin  of  the  human  cases.  Two 
opinions  have  arisen  as  to  the  origin  of  the  streptococcus  actually  concerned  in 
the  human  disease.  The  first  and  older  opinion  is  that  it  is  caused  by  a  streptO' 
coccus  of  bovine  origin  which  has  first  caused  mastitis  in  the  affected  cows ;  the 
second  and  more  recently  maintained  opinion  is  that  it  is  due  to  a  human  strain 
of  hemolytic  streptococcus  derived  from  the  throats  of  milkers  and  accidentally 
propagated  in  the  cow's  udder  or  inoculated  in  the  milk. 

It  has  been  proved  by  Savage,  by  Davis  and  Capps  and  by  Mathers  that 
cases  of  true  mastitis  or  at  all  excnts  closely  resenililing  mastitis  may  be  pro- 
duced in  goats  and  in  cows  by  injecting  human  strains  of  hemolytic  streptococci 
into  the  milk  ducts  or  even  by  a  slight  abrasion  of  the  teats.  Saxage  on  the 
other  hand  failed  to  produce  human  sore  throat  1)\'  means  of  I)o\inc  strepto- 
coccus strains.  There  is  apparently  some  difference  of  ojjinion  as  to  whether  the 
disease  produced  by  Davis  and  Capps  is  really  true  bovine  mastitis  or  not.  It 
was  so  rega'rded  bv  the  authors  in  tlu-ii-  original  communication  but  v^mith 
and  Brown  referred  to  it  as  a  mild  intlammatory  reaction  and  Davis  and  Capi)s 
in  their  more  recent  communication  would  apparently  accept  this  latter  delinition. 
.^t  all  e\ents  they  have  proved  beyond  doubt  that  luunaii  licniolylic  strains  may 
live  in  the  udder  of  cf)ws  for  a  considerable  ]»erio(l  of  lime  It  is  I'urlher  pointed 
out  by  Smith  and  l^.rown  that  the  ordinary  garget  of  ralllc  wliiili  occurs  through- 
out the  year  could  not  ex]>lain  the  epidemic  form  of  linni.iii  luiisillitis  which  oc- 
curs only  at  certain  seasons. 

The  crucial  proof,  howexcr,  rests  in  the  identity  nr  Udnidenlity  of  human 
boxine  hemolytic  strains  as  derixcd    frcim   ni.immilis  in  conjunction   with  an  epi- 
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demic  of  sore  throat  and  on  the  other  hand  frcjm  the  patients  suffering  from  sore 
throat.  Certain  differential  points  have  apparently  been  demonstrated.  Smith 
and  Brown  and  Davis''  both  agree  that  the  human  strains  are  virulent  for  rab- 
bits whereas  the  bovine  strains  are  not.  Davis  has  shown  that  the  human  patho- 
genic strains  are  less  resistant  to  heat  than  the  bovine  strains,  i^mith  and  Brown 
have  pointed  out  certain  differences  in  the  sugar  tests  although  Broadhurst- 
found  no  such  criteria  on  which  to  base  a  separation  between  her  two  groups 
of  cultures. 

Smillie  in  the  most  recent  article  on  this  subject  has  found  that  sporadic 
cases  of  sore  throat  also  show  the  same  type  of  hemolytic  streptococcus  as  the 
epidemic  cases  and  probably  differ  from  these  latter  cases  only  in  mode  of  distri- 
bution. In  this  connection  he  further  points  out  that  carriers  of  the  hemolytic 
streptococci  may  retain  organisms  for  several  months  after  recovery.  Efficient 
pasteurization  (Rosenow  and  Moon)  is  apparently  sufficient  to  destroy  the 
streptococcus  in  milk.  It  is  also  destroyed  by  the  souring  of  milk  (Davis)*'  and 
the  organisms  moreover  do  not  increase  notably  at  the  ordinary  temperature  at 
which  milk  is  handled. 

Streptococci  in  Scarlet  Fever. — Streptococci  we^re  observed  in  smears  from 
the  angina  of  scarlet  fever  as  early  as  1884  by  Loeffler,  and  have  since  then  been 
isolated  and  studied  with  more  and  more  exact  methods  by  several  observers. 
Ruediger  for  instance  found  hemolytic  streptococci  in  the  tonsils  constantly  while 
the  inflammation  of  the  throat  was  active  and  noted  moreover  that  they  decreased 
rapidly  in  numbers  with  the  subsidence  of  the  tliroat  symptoms.  Some  of  these 
organisms  fermented  mannit  and  others  did  not  and  they  showed  interaggluti- 
nations  with  a  specific  serum  from  goats  immunized  w'ith  one  of  the  strains. 
Anthony  found  hemolytic  organisms  almost  constantly  in  throats  of  scarlet 
fever  cases  and  in  the  heart's  blood  of  10  of  18  autopsies  in  fatal  cases.  It  was 
also  present  in  the  complications  of  scarlet  fever.  Smillie  found  that  the  pres- 
ence of  the  true  hemolytic  streptococcus  (his  Beta  type)  was  almost  constant 
in  the  throats  of  the  severer  cases  of  scarlet  fever  but  less  likely  to  occur  in  the 
milder  cases.  It  was  also  persistent  in  many  instances  for  several  months  in 
recovered  scarlet  fever  cases  and  is  thought  by  him  to  be  a  possible  means  of 
transmitting,  not  sca,rlet  fever,  but  septic  sore  throat,  believing  as  he  does  in  the 
identity  of  the  strains  isolated  from  the  two  conditions. 

Streptococci  are  by  no  means  so  frequently  found  in  the  blood  of  scarlet 
fever  cases  although  often  present  in  the  fatal  cases.  Moser  found  them  in  63 
of  93  cases  at  death  but  rarely  during  life;  Hektoen  found  them  in  only  12  per 
cent  of  those  examined  and  then  only  in  the  more  severe  cases.  That  it  is  prob- 
ably the  usual  cause  of  death  in  scarlet  fever  would  seem  certain  from  these 
findings  which  are  corroborated  by  other  observers.  The  general  opinion  is, 
however,  that  the  streptococcus  is  not  the  cause  of  scarlet  fever  and  it  has  been 
specifically  shown  by  Landsteiner  that  the  injection  of  scarlet  fever  strains  of 
streptococcus  in  apes  did  not  p.roduce  scarlet  fever  although  the  blood  of  scarlet 
fever  cases  transmits  the  disease  to  these  animals. 

Moser  and  von  Pirquet  found  that  scarlet  fever  streptococci  were  aggluti- 
nated by  the  serum  of  animals  immunized  against  these  organisms  and  of  scarlet 
fever  patients  but  that  normal  throat  streptococci  were  not  so  affected.     Weaver 
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found  that  streptococci  derived  froni  scarlet  fever  cases  were  agglutinated  by 
the  serum  in  such  cases  but  also  by  the  serum  of  cases  from  other  types  of 
streptococcus  infection.  Weaver  mentions  normal  serum  controls  but  does  not 
include  them  in  his  protocols.  The  whole  question  is  open  in  view  of  the  state- 
ment of  Zelenski  that  most  streptococci  arc  agglutinated  by  normal  human  sera. 
Tunniclilif  found  a  rise  in  opsonic  index  to  the  streptococcus  during  the  course 
of  scarlet  fe\er.  Besredka  and  Dopter  were  unable  to  obtain  a  fixation  reaction 
with  the  Streptococcus  and  the  serum  of  scarlet  fever  patients.  Moser  and 
others  have  utilized  an  antistre])tococcus  serum  obtained  by  immunizing  horses 
with  scarlet  fever  strains  and  by  its  use  reduced  the  mortality  in  scarlet  fever  in 
a  series  of  cases  as  compared  with  untireated  controls.  Although  of  no  partic- 
ular bearing  as  regards  the  relation  of  streptococci  to  scarlet  fever  it  may  be 
noted  that  Weaver-  and  others  have  obtained  beneficial  results  in  scarlet  fever 
by  injecting  the  serum  of  recovered  cases. 

Streptococci  in  Smallpox. — Several  observers  have  found  streptococci  as  a 
general  blood  infection  in  cases  of  smallpox,  whereas  others  have  failed  to 
demonstrate  the  organism  in  this  connection.  Perkins  and  Pay  found  the  or- 
ganism regularly  in  all  fatal  cases  in  the  blood  stream  and  in  many  cases  that 
were  not  fatal.  They  do  not  specifically  state  whether  their  organisms  were  of 
the  hemolytic  variety  or  not.  Thev  point  out  that  it  is  not  to  be  assumed  that  the 
streptococcus  has  any  etiological  relation  to  the  disease.  It  is  interesting  to 
note  that  their  observations  lead  them  to  assume  that  the  portal  of  entry  is 
through  the  bronchial  mucous  membrane  which  agrees  with  the  approved  or  sup- 
posed mode  of  entrance  in  this  group  of  the  acute  exanthemata  which  we  are 
considering. 

Streptococci  in  Measles. — The  hemolytic  streptococcus  has  been  found 
quite  frequently  and  often  regularly  in  the  throat  of  measles  cases.  Anthony 
for  example  found  the  hemolytic  variet\-  of  the  organism  in  the  throat  of  every 
one  of  24  cases,  and  the  \iridans  was  also  noted  to  be  jiresent.  Levy  and  Alex- 
ander found  hemolytic  streptococci  in  77.1  per  cent  of  388  cases  of  measles.  In 
connection  with  the  etiological  study  of  bronchopneumonia  which  we  shall  con- 
sider presentlv  Lorey  noted  that  the  hemolytic  stre])tococcus  was  the  invariable 
cause  of  all  complications  in  measles  and  was  fatal  when  found  in  the  blood 
stream.  Among  the  most  frequent  of  these  complications  are  otitis  media  and 
bronchopneumonia,  the  latter  of  which  will  concern  us  more  specifically  in  a 
moment. 

Quite  a]>art  from  the  finding  of  tin-  lu-mol\  tic  sln-plococcus  in  the  respiratory 
tract  in  measles  as  an  incidental  infection  is  llie  recent  dcs.-rii)tion  by  TunnicliH- ''• 
of  the  regular  occurrence  of  a  viridans  variety  of  streptococcus  in  the  blood  stream 
of  early  cases  both  of  measles  and  of  rubella.  In  42  out  of  50  cases  TunniclilT 
has  found  streptococci  more  ])avticularl\  duiiiig  tlu-  preemptive  slagi-  ol  the  dis- 
ease, and  the  organism  on  first  isolation  and  not  infre<|uently  in  subse(|uent  cul- 
tures is  anaerobic.  She  further  nott'il  that  tlu-  strum  of  tlu-  ])atients  concerned 
had  opsonins  with  specific  eft'ect  upon  the  organisms  isolated  from  the  parlictdar 
form  of  disease  in  (piestion,  that  is  to  say  measles  si'rum  reacle(|  with  the  true 
measles  strains  and  not  toward  tlu-  rnbt-lla  strains  or  (he  ie\ crse.  It  is  obvious 
that  this  organism  ma\-  be  sus|»ecled  of  liaxiii^  some  diri-ct  etiological  relation  to 
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measles  and  is  quite  distinct  from  the  hemolytic  streptococcus  considered  above. 

Streptococci  in  Broncho  pneumonia  and  Empyema. — It  was  noted  by  Eyre  in 
1910  that  the  streptococcus  is  the  most  frequent  organism  found  in  cases  of 
bronchopneumonia  following  measles.  It  is  practically  the  only  organism  pres- 
ent in  those  cases  of  bronchopneumonia  which  follow  diphtheria.  In  1913 
Thursfield  described  the  streptococcus  as  regularly  present  in  measles — broncho- 
pneumonia. In  this  connection  may  be  noted  with  interest  experiments  on  various 
types  of  pneumonic  lesions  in  dogs  by  Wollstein  and  Meltzer.^"  Lamar  and  Melt- 
zer  had  produced  a  typical  lobar  pneumonia  in  dogs  by  means  of  intrabronchial  in- 
sufflation of  cultures  of  pneumococcus.  Winternitz  and  Hirschfelder  later  by  the 
same  method  produced  entirely  analogous  results  in  rabbits.  Following  these 
pneumococcus  experiments  Wollstein  and  Meltzer  employed  cultures  of  the 
streptococcus  with  equally  striking  but  somewhat  different  results.  The  mortality 
was  distinctly  less  in  animals  that  had  received  the  streptococcus  cultures  and  the 
lesions  were  distinctive  and  resembled  human  bronchopneumonia.  Particular 
interest  attaches  to  the  description  that  is  given  of  the  interstitial  infiltration  of 
cells  in  this  experimental  bronchopneumonia  in  view  of  the  later  description  in 
connection  with  camp  epidemics  described  by  MacCallum.  It  was  found  that  vari- 
ous strains  of  streptococci  varied  only  in  the  degree  and  extent  of  lesions  pro- 
duced and  not  in  the  type  of  lesions. 

During  the  past  few  months  attention  has  been  drawn  to  a  serious  and  epi- 
demic form  of  bronchopneumonia  which  has  occurred  in  the  army  cantonments 
throughout  the  United  States.  This  pneumonia  at  first  confused  with  lobar  pneu- 
monia due  to  the  pneumococcus  has  chj-onologically  succeeded  it  and  in  the  earlier 
cases  was  often  combined  with  it.  It  has  been  unquestionably  proved  that  this 
type  of  pneumonia  is  due  to  the  streptococcus.  In  a  large  number  of  cases,  al- 
though by  no  means  invariably,  this  bronchopneumonia  has  been  a  direct  sequel 
of  measles  and  in  many  of  them  perhaps  one-third  of  the  total  has  been  followed 
by  empyema  with  a  high  mortality  rate.  It  appears  that  this  form  of  fatal  em- 
j)yema  has  been  well  recognized  by  pediatricians  who  have  met  with  it  in  connec- 
tion with  the  bronchopneumonia  following  measles  in  children.  Koplik  found 
that  in  a  series  of  cases  of  empyema  in  children  from  one  to  five  years  of  age, 
that  15  per  cent  were  due  to  the  streptococcus  and  69  per  cent  were  due  to  the 
pneumococcus  with  or  without  streptococcus.  It  may  be  assumed  that  with  pres- 
ent methods  of  differentiation  between  these  two  organisms  distinctly  more  than 
15  per  cent  of  his  cases  might  have  been  shown  to  be  of  pure  streptococcus  origin. 
These  cases  of  empyema  followed  measles,  scarlet  fever  and  whooping  cough. 
Zybell  states  that  the  streptococcus  is  the  most  frequent  cause  of  empyema  in 
young  children  although  after  the  age  of  five  other  organisms  appear  with  greater 
frequency. 

As  already  mentioned  the  earlier  cases  of  bronchopneumonia  and  empyema  in 
army  camps  due  to  the  streptococcus  followed  chronologically  on  the  usual  cases 
of  lobar  pneumonia  which  had  occurred  from  the  month  of  October,  1917,  on- 
ward, and  which  were  gradually  succeeded  in  numbers  and  finally  replaced  by  the 
streptococcus  group.  In  the  several  reports  available  of  this  severe  bronchopneu- 
monia in  camps  in  Illinois,  Virginia,  Texas  and  Michigan  hemolytic  streptococci 
have  been  found  in  all  or  nearly  all  instances  of  the  disease.    Now  that  it  has  been 
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fully  studied  post  mortem  it  may  be  clearly  differentiated  from  lobar  pneumonia 
although  it  was  by  no  means  readily  separable  from  it  by  clinical  methods.  The 
particular  microorganism  concerned  both  in  the  empyema  fluid  and  in  the  tonsils, 
sputum  and  lungs  of  these  cases  have  been  studied  by  Dick,  Irons  and  Marine, 
Alexander,  Levy  and  Alexander,  Cole  and  MacCallum,  Gumming,  Spruit  and 
Lynch,  and  others.  Alexander  found  in  his  early  observations  that  apparently 
two  types  of  hemolytic  streptococcus  were  present  differing  in  their  fermentative 
properties  on  mannit  and  corresponding  thereby  to  the  types  described  by  Holman 
as  streptococcus  infrequens  and  streptococcus  pyogenes  respectively.  Kendall 
who  has  made  a  special  study  of  58  strains  of  hemolytic  streptococcus  derived 
from  cases  in  a  number  of  ajmy  camps  in  Illinois,  Virginia.  Texas  and  Michigan 
under  the  auspices  of  the  National  Research  Council  found  that  about  80  per  cent 
would  correspond  to  the  pyogenes  strain  and  20  per  cent  to  the  streptococcus  in- 
frequens. Ultimate  decision,  however,  as  to  whether  one  or  several  strains  of 
hemolytic  streptococcus  are  concerned  in  these  cases  must  be  left  to  further  in- 
vestigation. Immunological  studies  should  in  particular  be  undertaken  on  this 
problem. 

The  epidemiology  of  these  camp  epidemics  of  bronchopneumonia  and  em- 
pyema are  very  instructive  even  in  the  present  incomplete  state  of  our  knowledge 
concerning  them.  In  the  first  place  it  may  be  noted  although  it  is  perhaps  a  mat- 
ter of  no  great  importance  in  the  transmission  of  the  disease,  that  Alexander 
found  the  same  microorganism  in  nasal  swabs  from  four  sick  horses  in  Camp 
Zachary  Taylor  at  the  time  when  bronchopneumonia  was  at  its  height.  In  this 
connection  the  description  by  Mathers-  of  the  occurrence  of  equine  influenza 
or  shipping  fever  at  various  stock  yards  in  the  United  tates,  a  disease  well  rec- 
ognized to  be  due  to  the  streptococcus  since  the  time  of  Schutz,  is  of  interest.  In 
117  cases  Mathers'-  isolated  hem.olytic  streptococci  from  the  nasal  discharges  find 
various  tissues  of  the  body  in  fatal  cases.  The  disease  is  manifested  by  a  high 
fever,  nasal  discharge  and  frequently  svich  complications  as  pneumonia,  pleurisy, 
empyema  and  arthritis.  The  lungs  are  always  aff'ected  in  fatal  cases.  Of  far 
greater  importance  are  the  epidemiological  studies  in  the  camps  themselves  of 
positive  factors  such  as  dust  and  the  actual  presence  of  streptococci  in  the  throats 
of  normal  and  diseased  individuals.  Several  studies  have  l^een  made  as  to  the 
presence  of  the  hemolytic  streptococcus  in  the  general  camp  population.  It  has 
been  assumed  from  llie  work  of  v^millie  that  hemolytic  stre[)tococci  are  i)resent  in 
onlv  a  small  j)ercentage  of  normal  individuals.  Cumming,  Spruit  and  Lynch 
found  about  0  pe-r  cent  of  carriers  of  S.  hcmolyticus  (their  Type  III)  in  I'^ort 
Sam  Houston.  Fox  and  Hamburger  and  Levy  and  .Alexander  both  reporting 
from  Camp  Zachary  Taylor,  found  about  15  per  cent  normal  carriers  of  the 
hemolytic  streptococcus  as  an  average.  Irons  and  Marine  in  Camp  Custei"  re])ort 
as  high  as  70  per  cent  of  the  indixiduals  as  harboring  these  microorganisms,  in 
regimental  units  that  have  been  found  particularly  susceptible  to  the  broncho- 
pneumonia as  high  as  89  per  cent  (Levy  and  Alexander)  were  found  to  hari)()r 
hemolytic  .streptococci.  In  the  a\erage  of  measles  cases  taken  at  various  periods 
during  the  course  of  the  disease  from  one  third  to  two  thirds  show  streptococci 
in  their  throats  (Cumming  el  rd,  ."^5  per  cent  ;  Cole.  M).S  per  cent  ;  l,c\v  and  Alex- 
ander, 77.1  per  cent). 
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The  observations  b}"  Cole  and  his  colleagues  as  regards  ward  contamination  in 
measles  cases  have  been  most  enlightening  and  of  great  practical  importance.  In 
a  relatively  small  series  of  cases  Cole  found  that  whereas  measles  cases  on  their 
entrance  to  the  hospital  showed  the  presence  of  hemolytic  streptococci  in  their 
throats  in  onh'  11.4  per  cent  that  this  average  rose  rapidly  in  mixed  wards  so 
that  in  the  interval  from  the  8th  to  the  16th  day  after  admission  the  ])ercentage  of 
positive  carriers  had  risen  to  56.8  per  cent.  This  observation  and  the  following 
study  reported  by  Levy  and  Alexander  have  led  to  a  most  important  measure  of 
preventing  the  spread  of  this  serious  infection.  Careful  measures  of  segregation 
were  undertaken  at  Camp  Zachary  Taylor  and  positive  streptococcus  carriers 
among  the  measles  cases  were  promptly  sei)arated  from  those  who  did  not  show 
the  organism  in  their  throats  on  admission.  After  these  measures  were  carefully 
carried  out  it  was  found  that  36.8  per  cent  of  the  positive  cases  showed  complica- 
tions, following  measles  attack  whereas  among  those  in  whom  no  streptococci  had 
been  found  complications  occurred  in  6.4  per  cent  only.  The  complications  fol- 
lowing measles  in  the  Camp  Taylor  cases  occurred  in  30.6  per  cent  of  the  cases. 
In  the  P'ort  Sam  Houston  cases  Cumming,  Spruit  and  Lynch  report  that  49  per 
cent  of  those  who  were  known,  to  harbor  the  true  hemolytic  streptococcus  showed 
complications,  whereas  a  control  series  that  contain  other  streptococci  (their  Types 
I  and  II  hemolysis)  showed  complications  in  only  13  per  cent  of  the  cases.  The 
obvious  relation  between  the  presence  of  a  hemolytic  streptococcus  in  the  throat 
and  subsequent  complications  proved  to  be  due  to  this  organism  is  therefore  well 
demonstrated. 

Numerous  complications  have  occurred  in  these  camp  measles  cases  among 
which  may  be  noted  in  approximate  order  of  frequency,  bronchopneumonia,  acute 
tonsillitis,  acute  bronchitis,  acute  suppurative  otitis  media,  empyema  and  pericar- 
ditis, and  then  a  series  of  local  manifestations  at  places  more  remote  in  the  body 
such  as  erysipelas,  adenitis,  peritonitis  and  meningitis.  We  are  particularly  con- 
cerned at  this  point  with  the  cases  of  bronchopneumonia  and  still  more  interested 
in  those  cases  followed  by  empyema.  Bronchopneumonia  has  occurred  in  about 
one-third  of  all  the  cases  of  measles  that  have  been  carefully  described  and  per- 
haps a  third  of  these  cases  have  been  followed  by  empyema  (Levy  and  Alexander, 
34  per  cent).  It  should  be  noted  in  this  connection  that  although  the  diagnosis  of 
empyema  may  be  more  readily  assured,  the  diagnosis  of  bronchopneumonia,  par- 
ticularly as  dififerentiated  from  lobar  pneumonia,  has  been  by  no  means  so  simple 
or  certain.  It  is  further  to  be  noted  that  many  cases  and  indeed  groups  of  cases,  as 
for  example  at  Camp  Lee,  Virginia,  have  borne  no  relation  to  preceding  measles 
and  again  that  empyema  has  occurred  not  infrequently  without  antecedent  bron- 
chopneumonia or  at  least  without  bronchopneumonia  which  was  dete.cted.  Owing 
to  the  incompleteness  of  the  reports  and  necessary  inaccuracies  in  diagnosis,  no 
reliable  figures  could  be  given  at  the  present  time  as  to  the  proportion  of  each  of 
these  types  of  disease. 

The  course  of  the  bronchopneumonia  following  adult  measles  has  been  care- 
fully studied  and  reported  on  by  Cole,  Fox  and  Hamburger,  Irons  and  Marine  and 
others.  The  disease  usually  begins  with  rapid  symptoms  of  prostration  followed 
by  respiratory  disturbances,  and  frequently  is  accompanied  by  angina.  The  phys- 
ical signs  of  involvement  of  the  lung  tissue  are  often  indefinite  and  a  diagnosis  is 
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difficult  t'\cn  with  the  aid  of  fluoroscopic  examination.  The  bronchopneumonia 
when  followed  by  empyema  may  be  transitory  or  may  persist  for  a  considerable 
period  of  time.  If  the  invohement  of  the  lung  subsides  the  patient  soon  shows 
less  evidence  of  prostration  although  the  invohement  of  the  pleura  mav  rapidly 
increase. 

On  postmortem  examination  the  lesions  have  been  found  in  various  localities 
to  dififer  somewhat  in  extent  and  distribution,  in  accordance  with  the  mode  of  dis- 
tribution of  the  streptococci  in  the  body.  The  lung  lesions  due  to  the  streptococcus 
alone  have  been  in  most  cases  described  as  similar  or  identical  to  lobular  pneu- 
monia as  found  in  children.  In  many  instances  lobar  pneumonia  has  occurred  si- 
multaneously with  the  lobular  pneumonia  as  for  example  in  the  Sam  Houston 
cases  described  by  MacCallum  and  in  those  cases  described  by  Dick  and  in  many 
such  instances  it  has  been  possible  to  demonstrate  the  presence  both  of  the  pneu- 
mococcus  and  the  streptococcus.  Apparently  two  methods  of  distribution  of  the 
streptococci  have  been  observed,  the  less  frequent  method  in  the  form  of  a  septi- 
cemia in  which  case  the  microorganism  is  found  more  regularly  in  the  circulating 
blood  and  various  lesions  in  the  peritoneum,  meninges  and  joints  as  well  as  in 
those  structures  directly  adjacent  to  the  lungs.  In  a  recent  small  group  reported 
by  Lucke  multiple  subserous  hemorrhages  and  jaundice  likewise  occurred.  A 
large  number  of  cases  is  apparently  due  to  a  spread  of  strei)tococcus  infection  by 
extension  down  the  respiratorv  passages  as  in  those  cases  described  by  AlacCallum 
and  also  mentioned  by  Irons  and  Marine  and  Hamburger  and  Mayer.  In  these 
cases  the  blood  cultures  during  the  course  of  the  disease  are  rarely  iM)sitive;  in 
the  Fort  Sam  Houston  cases  for  example  only  13  per  cent  according  to  Colo  were 
positive  and  17  per  cent  according  to  Cumming,  before  death. 

The  lung  lesions  have  been  described  in  detail  b\-  MacCallum  wiio  has  found 
that  the  form  of  bronchopneumonia  differs  somewhat  from  that  usuall\-  described 
in  children  which  consists  of  an  exudate  into  the  alveoli.  The  exudate  in  these 
post  measles  cases  was  largely  interstitial  in  character  and  would  apparently  cor- 
respond to  that  described  in  the  experimental  streptococcus  pneumonia  in  dogs  by 
W'ollstein  and  Meltzer.  Small  grayish  nodules  extending  above  the  cut  surface  of 
the  lung  were  found  by  MacCallum  in  many  cases  resembling  tubercles.  In  his 
grou])  of  cases  the  spread  of  the  disease  seemed  deflnilely  by  extension  down  the 
respiratory  passages  through  the  lungs  and  into  the  pleura  and  this  corresponds 
to  the  cases  we  have  observed  at  Camp  \xv.  Lucke  has  ditt'ercntiated  on  gross 
appearance  four  tvpes  of  bronchopneumonia  in  his  -cries  Irom  Camp  Zachary 
Taylor  the  first  two  of  which,  characterized  by  the  pcribnoichial  distribution  and 
general  dislribnlion  in  all  lobes,  lie  regards  as  characteristic  of  measU-s  broncho- 
pneumonia. The  adjacent  tissues  parlieular!\  llie  perie.ii-diuin  are  not  inlre(|uenlly 
invoked  and  in  llie  less  usual  and  nielastatic  form  of  the  infection  the  joints,  peri- 
toneal ca\it\  and  the  meninges  may  ])resent  secondary  foci  ol  intection. 

I'leurilis  and  enip\-enia  which  a--  noted  occnrrt-d  w  ith  \ar\  ing  degrees  ol  lung 
invoKemi-nl  and  with  \.ii\ing  duration  of  symptoms  of  bronchopneumonia  is  the 
serious  and  often  fatal  ((iniplicalion  in  this  syndrome.  The  mortality  of  the  cases 
of  empNcnia  lias  rangiil  from  23  iier  cent  in  those  cases  described  by   i  l.iniburger 
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and  Mayer  in  which  the  ultimate  results  were  by  no  means  available,  to  46  per 
cent  in  the  cases  described  by  Irons  and  Marine  at  Camp  Custer  and  47  per  cent 
in  the  cases  described  by  Cole  and  MacCallum.  In  the  fatal  cases  the  duration  of 
the  pleurisy  and  subsequent  empyema  has  varied  from  a  few  days  to  several 
weeks  and  recovery  has  been  in  most  cases  extremely  prolonged  and  indefinite. 
The  empyema  fluid  as  first  observed  is  serous,  often  bloody  or  brownish  in  char- 
acter, and  only  gradually  becomes  purulent.  The  definite  increase  of  pleural 
exudate  is  accompanied  by  compression  and  atelectasis  of  the  lung  and  the  extent 
of  the  fibrin  and  the  thickness  of  the  pleura  varies  with  the  duration  of  the  proc- 
ess. It  is  not  within  our  province  to  discuss  the  methods  of  treatment  which  have 
been  suggested  and  are  being  tried  in  dealing  with  this  severe  and  often  fatal 
complication.  It  would  appear  to  be  the  growing  consensus  of  opinion  that  sur- 
gical interference  is  best  postponed  until  the  subsidence  of  the  acute  symptoms  of 
bronchopneumonia  with  the  relative  improvement  of  the  patient  which  follows  and 
also  until  the  pleural  exudate  has  become  distinctly  purulent  in  character. 

The  modes  of  prevention  of  this  bronchopneumonia  empyema  complex 
whether  following  measles  or  not  are  again  matters  which  are  still  in  the  process 
of  being  evolved.  Most  significant  are  the  observations  of  Cole  and  of  I^evy  and 
Alexander  as  to  the  spread  of  infection  in  the  presence  of  positive  carriers 
whether  in  normal  individuals  or  in  those  attacked  by  measles.  The  system  of  the 
separation  of  the  clean  from  the  dirty  measles  cases  as  described  by  Levy  and 
Alexander  has  proved  most  satisfactory  in  diminishing  the  incidence  of  complica- 
tions. Levy  and  Alexander  find  that  even  with  careful  observation  of  the  cubicle 
system,  and  care  against  contamination  by  obvious  means,  that  when  dirty  and 
clean  cases  are  mixed  in  the  wards  the  streptococcus  infection  will  spread  from 
one  individual  to  his  neighbor  readily.  In  one  ward  in  which  12  clean  and  12 
dirty  patients  were  placed  at  the  end  of  a  week  only  3  noncarriers  remained.  Ef- 
forts to  disinfect  the  mouth  in  the  positive  carriers  have  not  been  successful. 
Levy  and  Alexander  found  that  in  spite  of  gargles  and  sprays  and  with  various 
solutions  71.7  per  cent  of  their  measles  cases  discharged  from  the  hospital 
still  retained  the  streptococcus  hemolyticus  in  their  throats.  The  few  reports  that 
have  been  made  on  the  possibilities  of  specific  therapy  by  means  of  vaccines  and 
serums  in  these  epidemics  have  been  largely  in  the  line  of  suggestion.  It  is  ob- 
vious that  any  progress  in  this  direction  must  be  preceded  by  more  fundamental 
studies  on  the  nature  of  streptococcus  immunity  than  have  as  yet  been  undertaken. 

STREPTOCOCCUS  VIRIDANS  IN  CONNECTION   WITH   THE  RHEUMATIC   EEVER  GROUP  OF 
INFECTIONS   AND   IN   OTHER  DISEASES 

In  his  earlier  difl:"erentiation  between  the  hemolytic  and  viridans  forms  of 
streptococci  Schottmiiller  pointed  out  the  pathogenic  significance  of  these  two 
types  of  organisms.  Whereas  the  hemolytic  streptococci  are  concerned  more  par- 
ticularly with  acute,  severe,  and  generalized  infections  the  streptococcus  mitior 
or  viridans  was  found  particularly  in  association  wdth  the  milder,  more  chronic 
group  of  infections  with  certain  definite  localizations.  It  has  been  noted  from  the 
time  of  Schottmiiller  and  Ruediger  that  viridans  strains  are  less  pathogenic  for  ex- 
perimental animals  than  hemolytic  strains. 
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There  is  a  clinical  group  of  diseases  associated  with  certain  forms  of  ton- 
sillitis which  have  long  been  recognized  and  which  comprise  acute  articular  rheu- 
matism or  rheumatic  fever  often  with  coincident  infection  of  the  joints  which  may 
become  chronic;  this  rheumatism  is  frequently  complicated  by  endocarditis  and 
associated  not  infrequently  with  chorea.  It  would  appear  that  not  only  tonsillitis 
but  also  pyorrhea  may  serve  as  the  local  starting  point  of  this  generalized  infection 
(Cecil,  Moray).  Westphal,  W'assermann  and  Malkoff  isolated  a  streptococcus 
from  a  case  of  rheumatic  fever,  chorea  and  hyperpyrexia  and  produced  with  this 
organism  inflammation  of  the  joints  in  rabbits.  This  obser\ation  has  been  fol- 
lowed by  many  others  including  much  experimental  consideration  of  the  appar- 
ently similar  diseases  which  may  be  produced  in  animals.  Different  conclusions 
have  been  drawn  particularly  as  to  the  specificity  of  the  lesions  produced  by  the 
streptococcals  strains  from  rheumatic  fever.  Menzer,  Cole  and  Rothschild  and 
Thalheimer  have  shown  that  streptococci  from  various  other  sources  would  pro- 
duce similar  lesions.  Poynton  and  Paine  isolated  a  form  of  streptococcus  viri- 
dans  to  which  they  gave  the  name  of  "Diplocnccus  rheumaticus"  because  they 
regarded  it  as  being  specific  and  different  from  other  forms  of  streptococci,  a 
viewpoint  also  held  by  Beattie.  We  shall  discuss  in  a  moment  the  experimental 
production  of  arthritis  in  animals  in  a  more  general  connection  and  for  a  moment 
confine  ourselves  to  the  occurrence  of  the  streptococcus  in  human  disease. 

Although  the  streptococcus  viridans  ma}'  be  found  not  infrequently  in  rheu- 
matic fc\-er  with  polyarthritis  it  is  apparentl}'  not  of  regular  occurrence  to  judge 
from  the  recent  work  of  Swift  and  Kinsella  who  obtained  it  from  the  blood  stream 
in  only  8.3  per  cent  of  fifty-eight  cases.  They  failed,  moreover,  to  isolate  it  from 
the  joints  in  any  case.  In  subacute  endocarditis  on  the  other  hand,  so  fro(iuently 
associated  with  polyarthritis,  Kinsella-  obtained  either  the  viridans  or  an  anhemo- 
lytic  saprophytic  streptococcus  with  regularity  and  proved  the  existence  of  spe- 
cific antibodies  for  the  strain  concerned  in  the  serum  of  the  patient.  The  viri- 
dans has  been  found  by  Cecil  in  16  out  of  23  cases  of  mild  tonsillitis  of  the  recur- 
rent type  so  frequently  associated  with  rheumatic  fever.  Ouigley  found  viridans 
in  10  of  21  cases  of  chorea  in  the  circulating  blood. 

Hlccfk'c  A(linit\  of  Streptococci. — The  diversity  of  opinion  as  to  the  speci- 
ficity of  experimental  arthritis  produced  by  streptococci  from  rheumatic  fever  and 
by  strains  from  other  diseases  has  been  again  brought  into  great  prominence 
through  Rosenow's  work  on  tro])istn  or  the  elective  atlinity  of  bacteria.  There  is 
proof  from  the  immunological  work  of  Kinsella,  Krumwiede  and  Valentine  and 
others  that  the  viridans  organisms  are  a  heterogeneous  grouj)  and  their  associ- 
ation with  varied  and  strictl\-  localized  chronic  lesions  in  the  body  gives  color  lo 
this  opini(jn.  The  specific  reasons  why  localization  of  apparently  similar  organ- 
isms should  take  ])lace  now  in  one  part  ot'  the  body  and  now  in  anotlier  may  be  ex- 
plained in  two  general  ways.  Mrst.  by  a  lowering  of  resislaiice  ot  the  .itlected 
part  in  the  individual  [locus  iiiiimris  rcslstciilia- )  and  secondly  by  a  spccihc 
afhnily  of  tin-  parliculai-  cullure  in  (|uestion  for  a  given  tissue  in  tin-  body.  It  is, 
of  course,  logically  jiossiblc  that  both  ihe-e  factors  nia\-  be  operali\c  in  produc- 
ing localization  of  lesions.  Kosi'pow  has  been  led  to  emphasize  the  organolroitic 
eft'ect  of  the  bacteria  rather  than  any  jKirticular  diminished  resistance  in  the  part 
affected.     In  an  elaborate  series  of  (■Ni)eriments  extending  over  several  years,  cm- 
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plo3'ing  very  large  numbers  of  experimental  animals,  Rosenow  has  apparent!} 
been  able  to  show  that  streptococci  obtained  from  particular  lesions  and  in  all 
instances  presumably  the  cause  of  those  lesions  have,  when  first  isolated  from  the 
body,  a  particular  affinity  for  the  tissues  whence  they  originated.  Thus  Rosenow 
and  his  coworkers  have  shown  from  the  standpoint  of  etiology  that  streptococci 
are  not  only  present  in  rheumatic  fever,  and  in  endocarditis,  pericarditis  and  myo- 
cardial lesions  as  well  as  the  joints  affected  in  this  disease  complex,  but  also  in 
such  apparently  diverse  affections  as  appendicitis,  (Rosenow  and  Dunlap,  Rose- 
now) ;*  ulcer  of  the  stomach  and  duodenum,  (Rosenow)  ;"'  Cholecystitis.  (Rose- 
now) f  erythema  nodosum,  (Rosenow),'  Herpes  zoster,  mumps,  (Herb,  Rose- 
now and  Dunlap)  ;  myositis,  iritis,  (Rosenow)  ;''  iridocyclitis  (  Irons,  Brown  and 
Nadler).  Each  of  the  strains  of  streptococcus  viridans  isolated  from  one  of 
these  conditions  will  on  injection  intra\enously  in  rabbits  or  dogs  tend  to  localize 
in  the  same  tissue  and  produce  the  same  lesion  in  a  relatively  high  percentage  of 
animals  as  compared  with  the  percentage  of  such  lesions  in  animals  inoculated 
with  nonspecific  strains  of  streptococcus.  These  specific  relations  are  readily 
visualized  in  (Table  H)  which  is  taken  from  Rosenow's^  more  elaborate  tabula- 
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ELECTIVE  LOCALIZATION    OE    STREPTOCOCCI    (rOSENOw) 


Animals  —  833. 

Strains     —  220. 

ORIGINAL    STRAIN 

PER    CENT    LESIONS    WITH 

PER    CENT 

LESIONS    WITH 

FROM 

NONSPECIFIC    STRAINS 

SPECIFIC    STRAINS 

Appendix 

5 

68 

Ulcer  stomach 

20 

60 

Cholecystitis 

11 

80 

(27  Joint 
14  Endocardium 
2  Pericardium 
.  10  Myocardium 

66 

Rheumatic  fever 

46 
27 

44 

Erythema  nodosum 

2  Skin 

90 

Herpes  zoster 

2  Skin 

70 

Mumps 

0  Parotid 

7?> 

Myositis 

10 

35 

Endocarditis 

14 

84 

tion.  It  will  be  seen  from  this  table  that  the  results  are  frequently  very  strik- 
ing as  for  example  in  the  case  of  erythema  nodosum ;  although  nonspecific  strains 
may  produce  the  lesions  in  question  the  percentage  is  always  higher  with  the  spe- 
cific strains.  The  burden  of  proof  rests  we  believe  with  those  who  would  dis- 
prove Rosenow's  contention.  In  matters  of  this  sort  positive  evidence,  when  ob- 
tained, is  of  more  value  than  negative  results,  and  failure  to  repeat  does  not  dis- 
prove. Rosenow  does  not  claim  that  his  results  are  invariable  or  that  nonspecific 
strains  may  not  less  frequently  produce  the  same  results.  His  argument  is  based 
on  quantitative  evidence  and  nothing  but  quantitative  evidence  of  the  same  sort 
and  in  like  volume  would  suffice  to  disprove  his  thesis. 

Among  the  other  recent  observers  who  have  produced  and  studied  arthritis 
with  viridans  strains  may  be  mentioned  Cecil,-  Jackson,  and  Faber.  The  latter  au- 
thor makes  interesting  observations  which  point  to  the  factor  of  localized  lowered 
resistance  as  operative  in  the  lodgement  of  streptococci.  He  obtained  arthritis 
regularly  only  when  the  successful  inoculation  had  been  preceded  by  sensitization 
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ot  the  joint  \\itli  a  dead  culture  of  the  streptococcus  and  found  that  this  sensi- 
tization is  specific  in  that  it  is  not  produced  by  a  staphylococcus  for  example. 
Chronic  arthritis  has  been  produced  by  Da^•is^  in  rabbits  and  by  Schloss  and  Foster 
in  monkeys.  Among  those  who  have  recently  emphasized  the  nonspecificity  of 
\iridans  strains  in  producing  arthritis  may  be  mentioned  Rothschild  and  Thal- 
heimer,  Henrici.  and  Detweiler  and  Maitland.  Moody  in  an  interesting  series  of 
experiments  in  which  he  utilized  strains  obtained  from  cases  of  alveolar  abscess 
with  or  without  the  complication  of  articular  rheumatism  found  that  the  percent- 
age of  joints  affected  experimentally  were  the  same  in  both  series,  thus  indicating 
the  absence  of  specific  affinity  in  the  jnorrhea-rheumatic  strains.  Rosenow^"  has 
emphasized  the  importance  of  using  recently  isolated  strains  in  producing  local 
lesions  since  they  are  found  to  lose  their  specific  affinity  on  cultivation  and  even 
to  some  extent  on  animal  passage.  He  has  also  emphasized  from  the  beginning 
that  variation  in  oxygen  tension  and  other  technical  details  which  might  well  ex- 
plain the  failure  of  others  to  repeat  his  results.     (Rosenow)."' 

Certain  of  the  apparent  etiological  associations  of  streptococci  with  the  di- 
verse diseases  we  ha\e  categorically  summarized  in  discussing  Rosenow's  theorv, 
are  worthy  of  much  fuller  consideration  that  we  feel  incumbent  on  us  to  give  in 
this  place.  Rosenow  and  Dunlap,  for  instance,  ha\e  pointed  to  epidemic  condi- 
tions that  may  occur  in  the  outbreak  of  appendicitis  and  of  cases  of  parotitis 
which  they  felt  could  be  traced  to  streptococci  milk  used  in  ice  cream.  The 
claimed  etiologic  relation  of  streptococci  to  cholecystitis,  gastric  ulcer,  erythema 
nodosum,  and  herpes  zoster  were  certainly  unexpected  and  have  naturally  been 
received  with  some  skepticism  awaiting  further  confirmation.  Rosenow^  has  fur- 
ther complicated  his  theorv  of  elective  affinity  in  the  case  of  a])pendicitis  by  ob- 
taining a  summation  of  elective  affinities  on  injecting  mixtures  of  streptococci  and 
colon  bacilli,  thereby  a])parently  simulating  natural  conditions  more  fully. 

Streptococci  hi  Anterior  Polfoiiiyelitis. — In  1913  Flexner  and  Noguchi  de- 
scribed a  filter  passing  virus  from  tissues  of  cases  of  poliomyelitis  and  on  cultiva- 
tion apparentlv  obtained  a  i)ure  growth  of  globoid  l)odies  in  such  tillralcs  which 
were  regarded  as  the  etiological  agent  in  the  disease.  L'ntil  I'^lo  these  results 
passed  unqifestioned.  In  this  year  a  series  of  observers  (Mathers,'  Xuzum  and 
Herzog,  and  Rosenow  and  Towne)  found  a  somewhat  ]ii-culiar  form  of  strepto- 
coccus viridans  regularly  in  the  tissues  of  cases  of  anterior  i)olioniyelitis.  Since 
this  time  several  investigatf)rs  have  concerned  themselves  with  the  etiologic  signif- 
icance of  this  microorganism.  The  coccus  has  been  grown  in  pure  cultuir  from 
adenoids,  tonsils,  mesenteric  l\ni])h  nodes,  central  ner\-ous  system  and  tlu'  sjiinal 
fluid  in  anterior  ])olioinyelitis.  There  is  apjiarently  considerable  \aiialiou  in  the 
cultures  as  regards  size  and  ^llape  of  organism.  ])ignu'nl  tormation  and  ;iIso  in  its 
growth  on  \arious  media  (Rosenow  and  Wheeler,  and  Heist,  v'^olis  Cohen  and 
Kolmer),'-  An  a])i)arent  correlation  between  llu-se  obser\ations  on  cocci  ;ind  the 
work  of  h'lexner  and  Xogiichi  has  been  furnished  by  Ileist,  Solis-Cohcn  and  kol- 
mer  and  also  1)\'  Rosenow  and  W  heelei'  who  by  growing  the  coccus  under  .in.ieio- 
bic  conditions  ha\e  succeeded  in  obtaining  a  filterable  form  of  the  \iius  with  bod- 
ies in  the  filtrate  which  resemble  those  described  l)\  I'lexner  and  Xngiulii.  <  )t  in 
teresting  confirmalorv  n;iture  are  the  ol)ser\ations  of  Ih'ktoen,  .Matlu-is  Am]   lack- 
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son  who  have  found  cocci  in  stained  sections  of  50  cases  of  poHomyelitis  obtained 
from  dififerent  locahties. 

Considerable  dit^culty  has  arisen  in  connection  with  the  experimental  pro- 
duction of  the  disease  with  pure  cultures  of  this  coccus  in  animals.  Whereas 
such  experimental  reproduction  of  the  disease  was  described  by  Rosenow,  it  has 
been  questioned  by  Bull  who  found  no  specificity  of  streptococci  from  cases  of 
poliomyelitis  as  regards  production  of  the  lesions  described  by  Rosenow'  in 
guinea  pigs,  dogs,  cats  and  monkeys.  Streptococci  have  been  described  in  the 
normal  tissues  of  the  rabbit  by  Tsen  in  7  out  of  10  cases  and  of  monkeys  by 
Lamar  who  had  found  similar  organisms  in  spontaneous  septicemia.  Bull 
found  no  lesions  in  his  experimental  animals  resembling  poliomyelitis  and  re- 
gards the  streptococcus  when  present  as  a  secondary  invader. 

Antibodies  have  been  described  in  the  serum  of  rabbits  immunized  against 
the  streptococcus,  particularly  opsonins  by  Mathers  and  Howell  who  found  fur- 
ther that  these  antibodies  did  not  react  with  other  strains  of  streptococci.  Sim- 
ilar antibodies  have  been  described  in  recovered  monkeys  by  Rosenow  and  Gray. 
Patients  suffering  from  poliomyelitis  also  contain  opsonins  for  this  particular 
form  of  coccus  according  to  Heist,  Solis-Cohen  and  Kolmer.^  Most  convincing 
of  all  in  indicating  the  etiological  relation  of  this  microorganism  to  the  disease 
are  the  results  with  an  antiserum  derived  by  immunizing  horses  with  this  form 
of  coccus.  Nuzum  and  Willy  obtained  such  a  serum  which  had  curative  effect 
on  monkeys  infected  with  poliomyelitis  virus.  Rosenow"  has  recently  described 
curative  results  not  only  in  monkeys  but  also  in  a  series  of  human  cases  treated 
by  an  antiserum  against  the  specific  coccus.  The  injections  were  given  intra- 
venously and  in  58  treated  cases  the  mortality  was  17  per  cent.  Of  these  seven 
out  of  the  ten  fatal  cases  were  moribund  at  the  time  of  first  inoculation  and 
if  the  mortality  is  corrected  on  the  basis  of  51  cases  it  is  found  to  be  only  6  per 
cent.  A  similar  group  of  control  cases,  23  in  number,  had  a  mortality  of  35 
per  cent.  The  serum  also  left  the  early  treated  cases  without  any  consequent 
paralvsis,  whereas  this  occurs  regularly  in  about  half  the  untreated  cases. 

IMMUNITY    IN    STREPTOCOCCUS    INFECTIONS 

Streptococci  multiply  in  the  human  body  in  several  different  ways.  They 
may  rapidly  proliferate  invading  the  entire  system  and  producing  a  form  of 
septicemia  against  which  form  of  activity  the  host  offers  apparently  little  re- 
sistance ;  they  may  localize  at  the  point  of  entrance  and  be  rapidly  disposed  of 
bv  means  of  leucocytes,  or  may  persist,  as  for  example  in  the  pleural  cavity  and 
joints  for  a  considerable  time,  later  to  assume  more  pathogenic  properties  and 
to  invade  the  entire  body  in  the  form  of  septicemia ;  or  again  streptococci  may 
be  distributed  as  staphylococci  are  through  the  general  circulation  into  meta- 
static foci  as  in  the  case  of  rheumatic  fever,  and  with  varying  outcome.  It 
is  evident  that  in  viewing  the  pathogenic  activities  of  streptococcus  we  have  to 
deal  first  with  the  proliferation  of  the  microorganism  itself  and  secondly  with 
various  toxins  which  that  microorganism  may  form.  In  the  case  of  the  strep- 
tococcus  we   know   that   a   substance    which    destroys    red   blood    corpuscles    is 
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formed  by  a  majority  of  the  highly  pathogenic  human  strains.  There  is  also 
some  rather  indefinite  information  as  to  formation  of  a  leucocidin,  a  substance 
formed  in  greater  amounts  by  certain  of  the  staphylococci  but  also  to  some  ex- 
tent by  the  streptococci  (Ruediger,*^ "  McLeod).  There  is  no  particular  reason 
to  believe  that  the  hemotoxin  per  sc  has  any  predominant  function  in  determin- 
ing the  result  of  the  streptococcus  infections,  (Menzer-)  although  as  we  have 
already  considered  it  apparently  runs  parallel  with  the  degree  of  pathogenicity 
of  any  particular  streptococcus.  The  work  of  Menzer  further  suggests  that 
there  may  be  some  other  type  of  toxin  formed  by  the  streptococcus  which  is 
responsible  for  the  cachexia  in  animals  who  although  they  Jjave  succeeded  in 
killing  off  the  organisms  themselves  later  succumb  to  a  wasting  process.  We 
have,  however,  little  precise  information  as  to  the  nature  of  this  toxin  whether 
it  be  endo-or  exo-cellular  in  origin   (Weil). 

Some  interesting  observations  have  recently  been  made  by  Hopkins  and 
Parker  concerning  the  disposition  of  streptococci  when  injected  into  the  cir- 
culation of  naturally  resistant  animals  (cats)  and  nonresistant  animals  such  as 
rabbits.  They  find  as  has  previously  been  shown  that  the  organisms  disappear 
in  both  animals  rapidly  from  the  circulation.  In  rabbits  they  are  destroyed  in 
most  organs  but  those  which  lodge  in  the  muscles  multiply  there  and  afterwards 
reinvade  the  general  circulation  causing  septicemia  and  death.  It  appears  from 
their  work  that  the  fixed  tissue  cells  are  responsible  for  the  destruction  of  the 
organisms  in  resistant  animals  rather  than  the  fluids  of  the  body.  Leucocytes 
and  bone  marrow  are  apparently  endowed  particularly  with  the  power  of  de- 
stroying streptococci  according  to  Ruediger,'^  although  tlic  cooperation  of  opsonic 
substances  in  the  serum  is  apparently  necessary  for  complete  destruction,  at 
least  in  the  less  resistant  animal.  Apparently  normal  human  and  animal  sera 
have  little  eft'ect  by  themselves  in  destroying  streptococci.  Ruediger^  also  found 
that  the  serum  of  cold-blooded  animals  had  no  destructive  action. 

During  the  course  of  streptococcus  infection  in  human  beings  and  animals 
a  certain  definite  reaction  occurs  in  the  body  irrespective  of  the  outcome  of  the 
infection.  Whereas  it  may  be  true  that  ultimate  destruction  is  due  to  the  leuco- 
cytes or  fixed  tissue  cells  the  cooperation  of  tropic  substances  is  a])parently 
always  necessary.  Whereas,  the  scrum  of  human  cases  from  strcjitococcus 
infection  docs  not  acquire  tlie  ])ro])crty  of  killing  streptococci  the  wiiolc  blood 
does  have  this  property  according  to  Ruediger,"  and  the  jtroperly  is  directly 
proportional  to  the  number  of  leucocytes  that  are  i)rest'nl.  The  opsonuis  or 
troi)ins  mav  be  shown  to  be  actuall\-  increased  in  certain  slrei)tococcus  m lec- 
tions as  for  example  in  subacute  endocarditis  as  shown  by  Aleakins.  I'lxation 
antibodies  are  apparently  not  usually  formed  in  streptococcus  infections.  T.es- 
redka  and  Dopter,  for  example,  found  ihcm  abscnl  in  cases  of  scarlet  tc-ver  al- 
though the  stre])tococcus  is  frc(|ncnll\'  as-^orialcd  willi  tlu-  disease,  and  ilastnigs 
found  them  absent  in  cases  of  \iridans  infiHii(.n.  They  were  found  not  in- 
fre(|uently  present  in  certain  viridans  infections,  however,  by  Asclnier  pr(i\i.led 
tlie  homologous  organism   was  \\^v^\  as  an  .antigen. 

The  occurrence  of  agglutinins  in  the  sernni  of  streptococcus  intections  has 
gi\en   rise  to  a  great   deal  of  diseus^ion   .md  h.is  ;i   bi-;iring  on    tlu-   specificity  of 
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certain  strains  of  the  streptococcus  notably  those  from  scarlet  fever.  Moser 
and  von  Pirquet  found  that  the  serum  of  cases  of  scarlet  fever  gave  an  agglu- 
tination reaction  in  low  dilutions  with  streptococci  derived  from  these  cases. 
This  reaction  did  not  occur  with  other  strains  of  streptococcus  and  apparently 
indicated  the  specificity  of  the  strains  derived  from  this  disease.  These  results 
were  apparently  repeated  by  Hasenknops  and  Salge  but  Weaver  at  about  the 
same  time  found  that  the  reaction  also  occurred  with  the  serum  from  other 
types  of  streptococcus  infection.  Kinsella  obtained  positive  agglutinations  and 
positive  thread  reactions  with  the  sera  of  cases  of  subacute  endocarditis  and 
their  respective  streptococci.  Wlassjewski  agglutinated  streptococci  from  cases 
of  puerperal  fever  by  means  of  the  patient's  serum.  Zelenski,  however,  claimed 
that  nearly  all  normal  human  sera  could  with  proper  technic  be  shown  to  ag- 
glutinate most  strains  of  streptococci.  None  of  these  reactions  can  in  the 
present  state  of  our  knowledge  be  regarded  as  of  diagnostic  value  or  as  throw- 
ing any  light  on  the  classification  of  streptococci  or  their  relation  to  any  par- 
ticular disease. 

Use  of  J'^acciiies  in  Preventhig  and  Curing  Streptococcus  Infections. — Von 
Behring  reported  in  1892,  in  brief,  results  obtained  by  him  in  collaboration  with 
Knorr  concerning  the  possibility  of  active  and  passive  immunization  against  the 
streptococcus.  These  authors  found  that  rabbits  immunized  against  a  given 
strain  of  streptococcus  were  protected  against  that  particular  strain  and  also 
against  apparently  different  strains  as  determined  by  the  inadequate  criteria  then 
available.  Streptococcus  vaccines  have  not,  however,  been  used  to  any  consid- 
erable extent  as  a  means  of  protection  against  streptococcus  infection.  As  a 
preliminary  to  the  possibility  of  passive  immunization  against  streptococci  active 
immunization  has  been  carried  out  repeatedly  and  with  success,  although  the 
degree  of  resistance  in  the  immunized  animal  is  often  slight  irrespective  of  the 
properties  which  the  serum  possesses.  We  shall  refer  later  to  the  difficulty  of 
immunizing  small  animals  against  the  streptococcus  for  the  production  of  an 
antistreptococcus  serum  and  may  here  simply  note  the  observation  of  Moore 
that  arthritis  in  rabbits  which  can  so  readily  be  produced  with  various  strains 
of  the  streptococcus  may  be  prevented  in  about  80  per  cent  of  cases  by  the 
previous  inoculation  of  killed  cultures  of  the  microorganism.  Coincident  with 
the  interest  in  the  therapeutic  use  of  bacterial  vaccines  inaugurated  by  Wright 
many  attempts  have  been  made  to  affect  human  streptococcus  infections  advan- 
tageously by  this  means.  They  have  been  for  the  most  part  of  little  demonstrated 
value.  It  may  be  shown  indeed  that  in  human  streptococcus  infections  as  for 
example  scarlet  fever  (Weaver  and  Tunnicliff^-)  and  in  infected  rabbits 
(Weaver  and  Tunniclifif;  and  Simonds)  that  the  tropic  substances  for  the 
streptococcus  rise  after  vaccine  injections.  The  results  in  the  treatment  of  hu- 
man disease,  however,  by  the  means  of  vaccines  are  for  the  most  part  discour- 
aging. They  were  found  of  no  value  by  Boughton^-  in  recurrent  erysipelas 
even  when  galactose-killed  streptococci,  which  were  supposedly  more  advan- 
tageou>  were  employed,  and  although  the  effect  produced  in  erysipelas  by  these 
vaccines  was  at  first  regarded  as  favorable  by  Weaver  and  Tunniclift'  they  were 
later  admitted  to  be  of  doubtful  value  bv  Weaver^  himself.     Weaver  and  Tun- 
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nicliff  moreover  obtained  no  significant  results  in  treating  complications  of 
scarlet  fever  such  as  otitis  media  with  streptococcus  vaccines.  Gabritschewsky 
suggested  using  streptococcus  vaccine  in  scarlet  fever  and  although  he  himself 
reports  no  definite  results  based  on  its  use  Langowoy  who  followed  his  sug- 
gestion apparently  obtained  some  favorable  effect  in  154  cases.  Davis'^  has  re- 
ported a  few  cases  of  arthritis  in  which  the  vaccine  apparently  aided  in  a 
favorable  outcome.  A\'right  himself  the  arch  supporter  of  vaccine  therapy  has 
quoted  only  a  few  cases  of  streptococcus  septicemia  treated  by  vaccines  and 
these  with  very  indift'erent  result.  On  the  whole  we  must  conclude  that  there  is 
at  present  no  conclusive  evidence  of  the  usefulness  of  vaccine  therapy  in  strep- 
tococcus infections. 

Passizr  Immunization  by  Antiscra  in  Streptococcus  Infections. — There  is 
very  little  evidence  in  human  or  animal  pathology  which  would  lead  us  to 
suppose  that  recovery  from  streptococcus  infection  leads  to  anv  considerable 
or  durable  degree  of  acquired  immunity.  The  well  known  susceptibility  of 
certain  individuals  to  repeated  postmortem  streptococcus  infections,  the  recur- 
rence of  erysipelas  and  the  like,  all  tend  to  evidence  this  fact.  \\m  Lingelsheim 
has  mentioned  certain  observations  which  tend  to  show  the  actual  existence  of 
acquired  immunity  in  man.  Xeufeld  failed  to  demonstrate  protective  sub- 
stances for  mice  in  the  serum  of  recovered  human  streptococcus  cases.  \\'e 
have  already  stated,  however,  that  von  Behring  showed  that  rabbits  could  be 
actively  immunized  against  the  streptococcus  and  that  this  protection  was  trans- 
ferable bv  means  of  the  blood  serum  to  other  animals.  It  has  also  been  sug- 
gested that  Richet  and  Hericourt  (1888)  in  demonstrating  the  first  instance  of 
passive  transfer  of  immunity  in  dogs  were  dealing  not  with  the  staphylococcus 
as  they  imagined  but  with  a  streptococcus.  Although  these  experiments  of  ac- 
tive immunization  have  been  frequentl}'  re]ieated  and  \ery  extensive  studies  have 
been  made  on  the  question  of  passive  immunity  by  the  serum  of  immunized 
animals  much  remains  in  doubt  as  to  the  best  method  of  producing  such  a 
serum  and  its  actual  usefulness  in  combating  streptococcus  infection.  Although 
large  animals  such  as  the  horse  and  nuile  may  be  repeatedl)-  injected  with 
streptococci  without  great  difhcull}-.  much  trouble  has  been  experienced  in 
immunizing  small  animals  for  the  experimental  study  of  this  form  of  siiecilic 
therapy.  Among  the  most  recent  authors  on  this  subject  Hopkins  and  Tarker 
have  found  that  it  is  almost  impossible  to  immunize  rabbits  by  employing  killed 
cultures  of  the  streptococcus.  Apparently  the  most  successful  nu-ihod  of  im- 
munizing consists  in  the  use  of  living  cultures  rather  than  killed  cultures  as 
emphasized  first  by  Xeufeld  and  later  by  Weil  and  Schenk.  Xeufeld  by  means 
of  one  injection  of  a  relatively  large  amount  of  washed  killed  cultures  ot  strep- 
tococci followed  bv  a  second  injection  of  a  living,  \iiulent  and  also  washed 
culture  produced  an  imnume  serum  that  was  more  potent  in  protecting  mice 
than  the  serum  of  horses  that  had  been  imnumized  o\er  a  long  period  o|  time. 
Weil  found  that  often  a  single  dose  of  li\  ing  culturi-  produced  a  proti-clixe  anti- 
serum in  rabbits  whereas  several  doses  of  killed  culture  f.iiled  to  do  so.  v'^imilar 
results  have  been  rejiorted  by  v^chenk  who  found  that  with  doses  of  tin-  strep- 
tococcus that  eventuallv  resulted    fatally   in   rabbits,  the  seruni   of   tlux'  aniinak 
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was  Strongly  protective  by  passive  transfer.     Indeed  the  strength  of  the  serum 
seemed  to  vary  directly  with  the  degree  of  infection. 

The  greater  part  of  the  extensive  studies  on  the  curative  value  of  anti- 
streptococcus  sera  have  naturally  been  carried  out  with  the  serum  obtained 
from  large  animals  particularly  from  horses  and  a  number  of  different  methods 
particularly  in  respect  to  the  strains  of  streptococcus  used  for  immunization  have 
been  utilized  with  very  different  results  and  it  must  be  confessed  with  consid- 
erable resulting  confusion  as  to  what  may  ultimately  be  the  method  of  great- 
est value.  The  variation  in  methods  has  depended  first  of  all  on  the  continued 
discussion  as  to  the  unity  or  multiplicity  of  streptococci,  a  matter  obviously  of 
prime  importance  in  deciding  on  the  type  of  antigen  to  be  employed  if  success- 
ful therapeutic  results  are  to  be  expected.  In  general  there  have  been  four  dif- 
ferent types  of  antistreptococcus  serum  produced  varying  in  respect  to  the 
antigen  employed:  (1)  a  serum  produced  by  means  of  a  single  strain  of  strep- 
tococcus or  a  group  of  strains  derived  from  a  given  disease.  This  constitutes 
a  so-called  monovalent  serum. 

(2)  A  serum  obtained  by  immunizing  animals  with  varying  numbers  of 
different  strains  usually  strains  from  different  diseases.  This  constitutes  a  so- 
called  polyvalent  serum. 

(3)  A  serum  produced  by  immunization  with  original  strains  recently  de- 
rived from  human  pathogenic  processes. 

(4)  A  serum  obtained  by  immunizing  animals  with  strains  the  virulence 
of  which  has  been  enhanced  for  animals  (usually  mice  or  rabbits)  by  means  of 
repeated  passage. 

Various  combinations  of  these  methods  of  immunization  have  been  em- 
ployed by  different  authors.  Results  with  each  type  of  serum  have  varied 
enormously  dependent  on  the  observer  and  the  type  of  cases  treated.  In  few 
instances  has  it  been  possible  to  find  consistent  and  convincing  results  even  in  a 
definite  group  of  streptococcus  infections  in  the  hands  of  several  observers 
with  any  given  serum.  The  results,  however,  both  in  animal  experiments  and 
in  treatment  of  human  disease  have  been  sufficiently  encouraging  to  justify 
every  effort  not  only  along  the  lines  already  laid  down  but  in  further  perfecting 
the  methods  of  immunization  now  in  vogue.  We  may  now  discuss  the  experi- 
mental results  on  which  these  various  methods  of  immunizing  procedure  have 
been  founded. 

The  earlier  observers  of  transferred  passive  streptococcus  immunity,  von 
Behring  and  Marmorek,  accepted  and  maintained  the  essential  unity  of  strep- 
tococci or  at  least  of  the  streptococci  concerned  in  human  disease  processes 
and  on  this  basis  felt  justified  in  using  a  monovalent  serum  prepared  by  means 
of  a  single  strain.  Marmorek  to  whom  we  owe  the  first  extensive  consideration 
of  passive  immunity  by  means  of  antistreptococcus  serum  proved  to  his  satis- 
faction the  unity  of  the  streptococcus  with  which  he  was  dealing  by  the  ex- 
istence of  certain  given  characteristics:  First  the  inability  of  any  one  of  the 
streptococci  to  grow  in  the  filtered  culture  fluid  in  which  another  of  his 
strains  had  been  propagated;  secondly,  a  constant  hemolytic  property  in  all 
his  strains  of  streptococci ;  it  is  evident  that  he  was  dealing  with  the  strains  of 
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the  hemolytic  streptococcus  only.  Third,  and  most  important  in  this  con- 
nection, the  fact  that  the  antiserum  to  a  single  strain  of  streptococcus  was  able 
to  protect  animals  experimentally  against  infection  with  any  of  the  other 
strains  of  streptococcus.  A  monovalent  streptococcus  serum  essentially  similar 
in  type  to  that  employed  by  ]\Iarmorek  but  with  minor  variations  in  each  par- 
ticular case  has  also  been  described  by  Aronson,  by  Zelenski,  Alenzer,  ]\Iarxer 
and  others.  The  belief  of  these  authors  in  the  essential  unity  of  the  streptococ- 
cus is  based  both  on  cross  protection  tests  similar  to  those  of  Alarmorek  and 
agglutination  of  various  strains  of  streptococcus  other  than  the  one  used  for 
immunization  by  the  monovalent  serum. 

Van  de  Velde  who  was  first  to  utilize  agglutination  tests  with  streptococci 
came  to  the  conclusion  by  this  means  that  there  were  numerous  different  varie- 
ties of  streptococcus  and  for  that  reason  advocated  the  employment  of  numerous 
strains  from  various  sources  in  producing  an  immune  serum  designed  to  affect 
various  streptococcus  diseases.  Agglutination  reactions,  cross  fixation  tests 
and  aborption  tests  (Simon)  in  the  hands  of  another  group  of  observers  fol- 
lowing Van  de  Velde  have  likewise  led  to  the  conclusion  that  there  are  numer- 
ous varieties  of  streptococci.  Among  these  observers  may  be  mentioned  Tavel, 
Moser  and  von  Pirquet,  ]\Ieyer  and  Simon.-  This  conception  of  the  multiplicity 
of  varieties  of  streptococcus  is  further  complicated  by  the  fact  that  certain  ob- 
servers for  example  Moser  and  recently  Rosenow^^  have  apparently  proved 
variations  in  this  microorganism  by  demonstrating  a  unity  in  the  microorganisms 
derived  from  a  given  disease  process.  Moser  and  von  Pirquet  for  instance 
found  that  the  strains  of  streptococcus  from  scarlet  fever  reacted  only  with 
an  antiserum  obtained  by  immunizing  with  these  strains,  which  serum  had  little 
effect  on  streptococci  of  other  origin.  Rosenow^^  and  IMathers  and  Howell 
claim  specific  immune  reactions  and  protective  value  in  the  serum  of  animals 
immunized  against  strains  of  streptococcus  from  cases  of  anterior  poliomyelitis 
which  apparently  has  little  or  no  effect  oil  streptococci  of  other  origin.  We 
have  then  in  these  latter  cases  a  number  of  strains  used  to  produce  a  given  im- 
mune serum  but  the  immune  serum  itself  regarded  as  monovalent  in  rcs]>cct  to 
the  disease  from  which  its  strains  were  derived. 

The  apparently  directly  contradictory  results  obtained  l)y  llicse  two  sets 
of  observers,  leading  on  the  one  hand  to  a  belief  in  the  essential  unity  of  the 
streptococcus  and  on  the  other  hand  to  its  essential  variety  depend  on  technical 
variations  and  inaccuracies  in  the  exi)erimental  methods  jmrsued.  and  also  and 
predominately  to  undoubted  misunderstandings  of  the  general  nature  of  anti- 
genic function  involved.  The  technical  ditlicullies  and  variations  in  perl'orniing 
agglutination  tests  with  stre])tococci  lia\e  been  admirably  reviewed  by  Zelenski 
in  his  contribution  to  the  subject.  Von  Lingclsheim  also  discusses  the  matter. 
We  can  not  at  this  time  undertake  a  discussion  of  these  complicated  and  im- 
portant details  but  bv  jiassing  to  the  second  group  ol'  variations  in  the  method 
of    j.roducing    immune    serum    we    ma\-    perhaps    elaiit'x     the    simation    to    some 

extent. 

Two  distinct  tvpcs  of  bacterial  antigens  apart  t'rom  singU-  or  nniltiple 
strains  have  been  eniplo\t'd   in   producing  sln-]itococcus   ininnnie   serum.      Mar- 
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morek,  Aronson  and  others  have  utihzed  strains  of  streptococcus  that  have 
been  raised  to  a  point  of  maximum  virulence  by  repeated  passage  through  mice 
or  rabbits  for  purposes  of  immunization.  These  are  the  so-called  "passage" 
strains.  Tavel,  Moser,  Besredka  and  another  group  have  on  the  contrary 
utilized  strains  of  streptococcus  recently  derived  from  human  lesions  for  in- 
jection. The  use  of  these  two  different  types  must  be  understood  to  be  quite 
apart  from  the  employment  of  single  or  multiple  strains  and  the  resulting  serum 
has  been  conclusively  shown  to  vary  distinctly  in  accordance  with  the  original  spe- 
cies of  antigen  employed.  The  use  of  human  original  strains  by  Tavel  (1900) 
and  later  by  Moser  was  selected  largely  on  empirical  grounds  for  the  pur- 
pose of  retaining  supposed  human  pathogenic  properties,  but  it  became  subse- 
quentlv  apparent  that  the  choice  was  justifiable  insofar  as  the  anticipation  of 
treating  human  disease.  It  appears  from  the  work  of  Meyer,  Simon,"  and 
Hazenknops  and  Salge  that  an  antiserum  to  virulent  passage  strains  is  effective 
not  only  against  the  particular  strains  employed  but  against  any  other  homologous 
animal  passage  strain,  irrespective  of  what  the  human  disease  origin  of  it  may 
have  been.  In  other  words  these  passage  strains  have  become  animal-virulent 
and  their  antigenic  properties  give  rise  to  antiserum  capable  of  neutralizing  this 
virulence.  They  are,  however,  not  effective,  according  to  Simon  in  neutralizing 
the  infection  of  the  actual  human  strains  from  v.hich  they  were  derived.  The 
reverse  has  been  demonstrated  by  Hazenknops  and  Salge  who  showed  that 
freshly  isolated  human  strains  are  agglutinated  by  the  antiserum  of  Moser  ob- 
tained by  immunizing  with  fresh  human  strains  but  that  the  same  strains  after 
becoming  virulent  through  animal  passage  are  not  affected  by  this  serum.  The 
obvious  conclusion  then  is  that  bacteria  for  immunizing  against  the  streptococ- 
cus for  human  needs  should  be  used  which  retain  so  far  as  possible  the  original 
human  pathogenic  qualities,  and  which  will  therefore  give  rise  to  antibodies 
capable  of  neutralizing  these  properties.  The  difficulty  as  Simon  has  pointed 
out  in  attaining  this  goal  rests  in  the  fact  that  the  original  human  strains  are 
not  very  virulent  for  animals  and  according  to  this  conception  may  not  give  rise 
to  a  good  antibody  production.  It  becomes  evident  that  careful  analysis  of  the 
existent  methods  is  indicated,  and  that  further  experimentation  is  necessary  to 
unravel  further  the  complex  question  of  antigenic  properties  if  the  ultimate 
solution  of  passive  immunity  to  streptococcus  infections  is  to  be  solved. 

The  mode  of  action  of  antistreptococcus  serum  in  the  cases  where  it  is  suc- 
cessful seems  very  definitely  understood  and  generally  agreed  to.  The  fun- 
damental observations  of  Denys  and  LeClef  and  of  Bordet  showed  that  anti- 
streptococcus  serum  protected  animals  from  streptococcus  infection  by  so  af- 
fecting bacteria  that  they  were  readily  taken  up  and  destroyed  by  white  blood 
corpuscles.  The  importance  of  this  indirect  method  of  phagocytosis  was  fur- 
ther brought  into  prominence  by  the  work  of  Wright  on  opsonins  and  the 
work  of  Xeufeld  and  Rimpau  on  tropins.  That  streptococcus  ])rotection  either 
in  the  normal  or  immunized  animal  is  due  to  a  dual  mechanism  of  this  sorl, 
tropin  and  leucocyte,  is  generally  accepted  by  all  workers  on  that  subject  as  for 
example  by  von  Lingelsheim,  Weaver^  and  Ruediger.'^  Another  method  of  pro- 
ducing an  immune  substance  for  passage  transfer  and  utilizing  the  tropic  powers 
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of  antistreptococcus  serum  to  better  advantage  has  been  suggested  by  Caulfield 
who  would  use  the  pleural  exudate  of  streptococcus  immune  animals  for  treat- 
ment rather  than  their  serum.  There  is  no  evidence  that  the  ordinary  strep- 
tococcus serum  includes  an  antihemolysin  although  the  observation  of  Breton 
would  indicate  that  its  production  is  possible. 

The  usual  method  of  testing  the  potency  of  antistreptococcus  serum  has  been 
to  employ  mice  or  rabbits  which  are  given  the  test  culture  dose  with  the  serum 
administered  either  previously  or  simultaneously.  It  has  little  effect  if  ad- 
ministered any  considerable  period  of  time  after  the  infecting  dose  of  strep- 
tococcus. It  may  be  possible  when  the  proper  antigenic  preparation  has  been 
devised  that  some  other  method  may  be  necessary. 

At  all  events  the  ultimate  object  of  antistreptococcus  serum  is  to  cure  human 
or  animal  diseases  due  to  this  microorganism.  Concerning  this  point  the  re- 
sults are  even  more  confusing  and  doubtfvil  than  those  outlined  in  explaning  the 
mechanism  of  streptococcus  protection.  It  seems  fairly  definite  that  no  strik- 
ing results  have  been  obtained  in  the  majority  of  human  streptococcus  infec- 
tions as  for  example  in  erysipelas,  puerperal  fever,  rheumatic  fever,  arthritis 
and  the  like,  by  the  use  of  antistreptococcus  serum.  We  need  not  at  this  time 
attempt  to  summarize  the  results  in  any  detail  but  it  may  sufhce  to  state  that  the 
majority  of  observers  record  the  curative  value  of  antistreptococcus  serum  as 
negative  or  extremely  doubtful.  (See  for  example  I'esredka.  v^chwoner, 
Weaver,*  Aleyer).  There  are,  however,  at  least  two  instances  in  which  results 
have  been  claimed  that  are  either  markedly  specific  or  at  all  events  extremely 
encouraging  and  suggestive.  In  both  instances  the  results  have  been  obtained 
by  methods  utilizing  the  more  modern  form  of  immunization.  Moser's  results 
in  scarlet  fever  cases  form  the  basis  of  his  figures  which  were  carefully  con- 
trolled by  an  untreated  series  of  cases  and  must  be  regarded  as  extremely  good. 
The  treatment  of  poliomyelitis'  by  Rosenow"  and  by  Willy  and  Xuzum  obtained 
with  a  serum  directed  against  poliomyelitis  strains  is  also  extremely  encouraging. 
LeCount  and  Jackson  have  apparently  seen  good  results  in  preventing  acute 
streptococcus  nei)hritis  in  ral^bits  by  use  of  sjiecific  scrum. 

CHEMOTHERAPY    IN    STKEPTOCOCCIS    INFECTIONS 

In  conclusion  we  may  mention  the  allenii>ts  llial  ha\e  been  made  to  aliect 
streptococcus  infections  by  chemotherai)eutic  means.  in  this  connection  the 
work  of  Churchman  on  the  bacteriostatic  action  of  dye-  of  the  pararosanalin 
series  i)articularly  of  gentian  violet,  on  nearly  all  C.rani-posilivc  bacli'na  is  ot 
interest.  Localized  joint  infections  i)arlicularly  gonorrheal  in  origin  have  been 
treated  bv  lavage  with  gentian  violet  with  some  success  by  Churchman.-'  In 
our  o])inion,  based  on  some  mipnbhsjied  work  wilh  the  t\phoi<l  carrier  condition 
in  i-abbits  little  is  to  be  hoped  I'roin  d\c>  ot'  this  enlegory  in  mon-  systemic  or 
remote  infections  in  the  animal  body.  .\hhough  the  pararosanalin  series  of 
dyes  are  higlilv  bactericidal  /";;  rilri>  not  only  t'(n-  (nam  posiii\e  but  also  for 
Gram-negative  organisms  like  I',  tyj-liosus  in  the  test  tube,  they  are  apparently 
without  a])preciable  action  when  injected  directly  into  the  circulation  of  ex- 
perimental animals.      In  addili»»n   to  being  very   lo.xic  in    t'airly   dilute   solutions 
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they  become  rapidly  converted  to  leucobases  in  which  form  they  are  apparently 
inactive  for  bacteria. 

In  this  connection  should  be  mentioned  the  work  of  Hoffman,  JMcClure  and 
Sauer  who  found  that  dahlia,  a  mixture  of  methyl-violet  and  fuchsin,  will  retard 
the  growths  of  streptococci  in  a  dilution  of  1  to  10,000  in  vitro  but  is  without 
effect  in  checking  streptococcus  infections  in  the  animal  body.  Its  action  indeed 
was  positively  harmful. 

Allison  has  tried  several  arsenic  compounds,  salvarsan,  arsenol,  and  ar- 
senobenzol,  on  experimental  streptococcus  infections  in  rabbits.  When  these 
substances  are  injected  before  the  microorganisms  are  localized  in  remote  tissues 
they  seem  to  have  a  beneficial  eft'ect.  They  are  said  by  the  author  to  have  been 
tried  with  some  success  also  in  human  beings. 
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STUDY  OF  THE  LEUCOCYTES  IN  AN  EPIDEMIC  OF  INFLUENZA 


By  Roy  P.  Forbes,  Capt.  M.R.C,  and  Helen  A.  Sxyder,  A.N.C. 


DURING  the  month  of  April,  1918,  a  highly  contagious,  but  comparatively 
mild  infection  of  the  respiratory  tract  was  epidemic  at  Camp  Hancock. 
Several  thousand  men  in  the  command  were  infected,  but  relatively  few  were 
ill  enough  to  be  sent  to  the  Base  Hospital.  The  only  fatal  case  occurred  early  in 
the  epidemic,  and  it  was  the  observations  made  in  this  case  which  prompted  the 
further  study  of  the  blood  picture. 

Report  of  case:  Sergeant  G.  L.  P.  was  admitted  to  the  Base  Hospital  on 
April  7,  1918,  complaining  of  a  cough  of  four  days'  duration  and  severe  head- 
ache. The  positive  physical  findings  included  only  severe  conjunctivitis  and  a 
few  rales  at  the  left  base.  The  temperature  on  admission  was  101,  pulse  94, 
respirations  22.  The  day  following  admission  signs  of  pulmonary  consolidation 
were  found.  The  respirations  had  increased  to  40.  The  leucocyte  count  was 
43C0.  A  blood  culture  was  taken  on  April  9,  which  showed  in  twenty-four 
hours  a  heavy  growth  of  small  nonmotile,  gram-negative,  bacilli, -B  influenzae. 
The  leucocyte  counts  made  on  this  date  at  five  hotir  intervals  were  respectively 
3400,  2200,  and  2300.  A  second  blood  culture  taken  on  April  10  also  showed  a 
pure  culture  of  the  same  organism.  The  leucocyte  count  had  risen  to  5600. 
Delirium  and  prostration  were  marked  and  death  ensued  on  x\pril  11.  At 
necropsy  a  confluent  bronchopneumonia  was  found.  Both  lungs  were  quite 
heavy  and  almost  completely  infiltrated.  There  was  no  pleural  effusion  and  the 
other  viscera  showed  nothing  remarkable.  B.  influenzae  was  recovered  from 
cultures  taken  from  the  lung  and  spleen.  One-half  cubic  centimeter  of  a 
twenty-four  hour  culture  of  the  organism  injected  into  the  peritoneum  of  a 
young  rat  failed  to  cause  death. 

Early  in  the  epidemic  it  was  noted  that  leucopenia  or  at  least  absence  of 
hyperleucocytosis,  was  a  constant  factor,  and  the  leucocyte  count  was  frequently 
of  aid  in  dififerential  diagnosis.  However,  the  clinical  picture  of  the  disease 
usually  made  diagnosis  easy :  Nearly  every  patient  gave  as  the  initial  symptoms 
backache,  headache  and  slight  cough  or  sore  throat.  Conjunctivitis  and  a  marked 
injection  of  the  soft  palate  was  noted  in  90  per  cent  of  the  cases.  In  addition, 
a  slight  or  moderate  general  adenopathy  was  often  noted.  The  face  was  flushed 
and  in  a  few  cases  the  skin  of  the  thorax  presented  a  mild  erythema.  In  three 
cases  a  provisional  diagnosis  of  scarlet  fever  was  made  until  the  blood  count 
showed  a  leucopenia.  Another  case  diagnosed  influenza,  showing  a  leucocytosis 
of  18,000,  was  isolated  and  promptly  developed  a  typical  scarlet  rash. 

Positive  bacterial  findings  are  necessary  in  establishing  the  diagnosis  of 
mfluenza.  Nasopharynx  cultures  on  plates  showed  a  very  small,  gram-nega- 
tive bacillus,  morphologically  B.  influenzae  in  seventeen  of  thirty-three  cases, 
but  the  identity  of  the  organisms  was  unfortunately  not  established  by  sub- 
cultures.    In  ten  cases  in  which  sputum  examinations  were  made,  B.  influenzae 
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was  found  in  only  four,  Streptococci  were  present  in  six.  Blood  cultures  on 
twenty  consecutive  nonfatal  cases,  only  one  of  which  was  complicated  by 
bronchopneumonia,  were  all  negative.  No  conclusions  can  be  drawn  from  our 
bacteriological  findings.  In  this  connection  it  is  interesting  to  note  that  Moody 
and  Capps^  found  influenza  bacilli  in  only  two  out  of  thirty-one  cases  studied. 
These  workers  found  that  a  streptococcus  was  the  most  constant  organism  in 
the  1916  epidemic.  Mathers-  working  in  the  same  epidemic,  found  influenza 
bacilli  in  only  one  of  sixty-one  cases.  He  concluded  that  the  hemolytic  strep- 
tococcus was  the  causative  organism  in  the  epidemic.  The  literature  contains 
very  little  data  concerning  the  leucocytes  in  influenza.  Simon  states  that  absence 
of  hyperleucocytosis,  together  with  relative  lymphocytosis,  are  essential  features 
of  the  disease.  In  Cabot's  series  of  three  hundred  and  nine  cases,  he  found 
the  leucocytes  over  10,000  in  one  hundred  and  thirty-five  cases,  or  about  42 
per  cent  of  the  series.  In  our  series  the  leucocytes  exceeded  10,000  in  only  22 
per  cent  of  the  cases  and  never  exceeded   15,000. 

Table  I 

1.  X^umber  of  cases  studied   50 

2.  Xumber  of  white  blood  counts 202 

3.  Total  number  of  cases  with  one  or  more  leucocyte  counts  below  5,000 13 

4.  Total  number  of  cases  with  one  or  more  leucocyte  counts  above  10,000.  ...  11 

5.  Average  differential  count  on  16  cases 

a.  1st  to  3rd  day: 

Polymorphonuclears 49.65 

Total   large  and   small   mononuclears  and  transitionals 40.72 

Eosinophiles    63 

Basophiles    CO 

b.  4th  to  6th  day: 

Polymorphonuclears  57.65 

Total  large  and   small   mononuclears  and  transitionals 41.72 

Eosinophiles    60 

Basophiles    03 

T.MU.K    II 

Summary  of  202  Counts  i.n  50  Cases 
x u .\iber  or  cases                x r mber  of  cases                         average  of 
day  of  disease            with  leucocytes               with  leucocytes                       leucocyte 
ar0v1-.  5,000 akove  10.000 couxts 

1  6  i  6,166 

2  1  2  5.378 

3  2  2  y.'r'll 

4  2  4  S,l.=i8 

5  0  2  H.O.=^y 

6 2* 4 7.885 

*15oth   of   these   cases   liaci   a   coniplicating   bronchopnei'nionia. 

COMMi:.\T 

Some  of  the  cases  were  nol  uikIct  oIiscr\  aliiMi  on  llu-  hrst  or  si-cond  day 
of  the  disease  and  some  were  discharged  before  \Uv  -^ixlli  day.  >(>  lIi.'U  six  con- 
secutive leucocyte  counts  were  not  .iluays  oblainable.  However,  llie  averages 
of  two  hundred  and  two  counts  are  considered  to  be  fair  estim.ates.  In  a  lew 
cases  not  here  recorded  in  wliicli  dilfcrcnti;il  counts  wvvv  made  from  ten  (l;iys 
to  three  weeks  after  the  illiic'--.  the  it'latixe  1\  inplioe\  tosis  h;i(l  noi  entirely  disap- 
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peared.  Apparently  a  complicating  bronchopneumonia  decreases  rather  than 
increases  the  lymphocytes,  because  the  lowest  counts  were  noted  in  the  two  cases 
which  developed  pneumonia.  There  was  a  considerable  variation  in  the  degree 
of  lymphocytosis.  Ten  of  the  thirty-two  preparations  gave  a  total  mononuclear 
count  above  50  per  cent.  The  increase  in  the  mononuclear  elements  was  nearly 
all  confined  to  the  lymphocytes. 

CONCLUSIONS 

1., Absence  of  hyperleucocytosis  or  actual  leucopenia,  and  relative  lympho- 
cytosis are  characteristic  of  influenza. 

2.  The  leucocyte  count  may  be  of  value  in  the  early  diagnosis  of  influenza 
and  for  difi^erentiating  it  from  a  beginning  scarlet  rash. 

3.  Influenza  bacilli  are  not  found  in  the  blood  stream  in  the  ordinary,  mild 
cases,  but  may  be  found  in  a  very  severe  or  fatal  case. 
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LABORATORY  METHODS 


INTRODUCTORY  EXERCISES  IN  EXPERIMENTAL  PATHOLOGY 


By  AA'ilfred  H.   Manwaring,  M.D.,   Stanford  University,  Cal. 


THE  required  second-year  course  in  General  Patholog}-  in  Stanford  University 
iViedical  School  is  divided  into  two  parts.  The  first  part,  "General  Path- 
ology A,"  extends  throughout  a  university  term  of  eleven  weeks,  and  covers  the 
ground  of  circulatory  disturbances,  degenerations,  pigmentations,  acute  inflam- 
mations and  regenerations.  This  part  is  given  by  the  Department  of  Bacteriology 
and  Experimental  Pathology,  of  Eeland  Stanford  Junior  University,  at  Stanford 
University,  Cal. 

The  second  part,  "General  Pathology  B,"  covers  the  ground  of  infectious 

granulomata  and  tumors,   and   is  given  by  the  Division  of   Pathology    (Doctor 

.  Ophiils),  of  Stanford  Medical  School  at  San  Francisco.     The  second-year  course 

in  General  Pathology  is  succeeded  by  a  course  in  Special  Pathology,  given  by 

Doctor  Ophiils,  and  extending  throughout  the  third  medical  year. 

The  introductory  course,  "General  Patholog)  A,"  is  given  from  the  exiieri- 
mental  i)oint  of  view.  The  course  consists  largely  of  aseptic  operations  on  ani- 
mals, with  a  gross  and  microscoi)ic  study  of  the  experimental  material  thus 
obtained.  The  operative  material  is  supplemented  l)y  material  from  human 
autopsies  illustrating  the  same  changes. 

A  weekly  program  of  General  Pathology  A  is  given  in  ScIkmIuIc  I.  A  de- 
tailed outline  of  the  experimental  part  of  the  course  is  gi\en  in  Schedule  II. 
The  scheduled  student  operations  are  sup])lemented  by  class  dcnKmsiralions  il- 
lustrating more  difficult  processes. 

Scin:nii,i-;   I.     Wkkki.v   Procranf.     Gknerai.   Pathoi.ocv   A 

Lecture    Monday,   Wednesday  and    I'riday,   8   o'clock,    ratliolo^^ic-Iiistolotjic    Labora- 
tory  Monday,  Wednesday  and    I'riday,  9  to    11 6  units 

Preparation    of    drawings    (optional ) 2  units 

Aseptic   surgical   ojicrations,   Tucsda\',    Tluirsdav    and    l*'iida_\.   «S   to    11 2  iniits 

Pathologic-histoiogic  teclniic    ( elective)    -  units 

1st  week — Wed.:     Scojjc  of  Oeneral   Pathology.     Tluirs. :      HistoI.>gic   Teclmic, 

Aseptic  Surgical  Tcclmic.     l*"ri. :     Operations. 
2n(l  weekMon.:      Congestion,   vStasis.     Wed.,   Fri. :     Cohnlieim's   l-'rog   l"'.xperi- 

ment,    Sim])le    Infkiinmalions,    Exudates    (hegun).      Tues.,    Thurs. : 

(  )pcralion-^. 
3rd   wcekMon.:       1 1  tinorrl'agc.      \\\'i!. :       'I'lirnmlpo^-is.      Tues.,    Thurs.,     l-'ri. : 

( )p(iation'~,    .\nlopsies. 
4th  week— Mmi.:      Lnijjolisni.     Wed.:    Local     \nelnia■^,   Inlarils.     Tues.,  Thurs., 

I'ri.:     Operations,  Autopsies. 
5lh  week — Mon.:      Necrosis.      Wed.:      Atrophy.      Tues.,    'Ihurs.,    l*'ri.:      Opcra- 

tims,   .\utopsies. 


762  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

6th  week — Mon. :  Disturbances  of  Protein  Metabolism.  Wed.:  Hyaline,  Am}- 
loid.  Fri. :  Disturbances  of  Fat  Metabolism,  Fat  Necrosis.  Tues., 
Thurs. :     Operations,   Autopsies. 

7th  week — Men.:  Disturbances  of  Carbohydrate  and  Mineral  Metabolism  Cal- 
cification. Wed. :  Disturbances  of  Pigment  Metabolism,  Hema- 
togenous Pigmentation.  Fri. :  Icterus,  Exogenous  Pigments,  Non- 
pigmented  Waste  Products.    Tues.,  Thurs. :    Operations,  Autopsies. 

Sth  week — Mon. :  Concretions,  Obstructions,  Retentions,  Cysts.  Wed. :  Edema, 
Transudates.  Fri.:  Acute  Inflammations  (continued).  Tues., 
Thurs. :     Operations,  Autopsies. 

9th  week — Mon. :     Experimental    Tuberculosis.      Wed. :      Organizations,    Regen- 
erations,   Wound    Healing,    Transplantations.      Fri. :      Physiologic 
Compensations,  Hypertrophy.     Tues.,  Thurs. :     Autopsies. 
10th  week — Mon.,  Tues.,  Wed.,  Thurs..  and  Fri.:     Practical  Examination.     (Iden- 
tification of  unknowns,  special  technic.) 
11th  week — Written  examination. 

ScHEDi'LE  II.    Aseptic  Surgical  Operations.     General  Pathology  A 
Tuesday,  Thursday  (Friday),  8  to  11  o'clock 2  units 

The  following  operations  are  to  be  performed  by  each  double  surgical  group  of  eight 
students.  Unsuccessful  operations  are  to  be  repeated  during  the  optional  operative  period 
(Friday).  The  operations  are  to  be  made  with  strictest  aseptic  and  antiseptic  precautions, 
under  ether  or  morphine-ether  anesthesia.  The  animals  are  to  be  kept  in  specially  heated 
rooms  for  at  least  48  hours  after  the  operations. 

In  the  routine  autopsy,  the  animal  is  first  exsanguinated  from  the  carotids,  under 
chloroform  or  ether  anesthesia,  care  being  taken  not  to  cut  the  trachea.  In  all  cases 
an  examination  is  to  be  made  of  both  abdominal  and  thoracic  viscera.  The  accessory 
findings  are  often  more  important  than  the  specific  lesion  under  consideration.  Smears 
are  to  be  made  from  all  exudates  and  transudates.  Bacteriologic  and  histologic  examina- 
tions as  directed. 

1st  Week 

Friday. — 1.  Ligate  left  renal  vein,  2  rabbits.  Aspirate  sample  of  urine  and  remove 
both  kidneys  of  each  animal  2  hours  later,  ligating  remaining  blood  vessels  and  ureters  to 
prevent  escape  of  blood.  Preserve  excised  organs  in  Kaiserling's  solution.  After  harden- 
ing, split  each  organ  lengthwise.  Make  colored  sketch  of  the  cut  surfaces.  Study  histo- 
logic material   from  previous  operations. 

2nd  Week 

Tuesday. — 2.  Ligate  left  renal  artery,  4  rabbits.     Autopsies  4,  12,  30,  and  60  days  later. 

Thursday." — 3.  Inject  10  c.c.  5%  aleuronat  (in  2%  starch  paste)  into  right  pleural 
cavity,  2  rabbits.  Exsanguinate  18  to  24  hours  later,  open  abdomen,  aspirate  pleural  fluid 
through  diaphragm.  Make  numerous  smears,  test  coagulability  of  one  sample,  examine 
one  sample  in  unstained  condition  subsequently  running"  dilute  methylene  blue  (1:4  in  NaCI 
solution)  under  the  cover  glass.  Add  to  one  sample  an  equal  volume  of  a  strong  suspen- 
sion of  S.  pneiiinouice,  incubate  the  mixture,  make  smears  at  the  end  of  15,  30,  and  60 
minutes   (Gram's  stain). 

4.  Ligate  branch,  left  renal  artery,  4  rabbits.  Make  sketches  showing  immediate 
physiologic  reactions.     Autopsies  with  additional  sketches  4,  12,  30,  and  60  days  later. 

3rd  Week 

TuESD.AV. — 5.  Isolate  samples  of  circulating  blood  between  carefully  tied  ligatures, 
jugular  vein,  2  rabbits,  crushing  one  sample  between  forceps.  Incise  samples  1  hour  later. 
vSave  animals   for  Exp.  6. 

6.  Inject  20  c.c.  defibrinated  blood  (filter  through  glass  wool),  peritoneal  cavity,  rabbit; 
10  c.c.  freshly  drawn  uncoagulated  blood,  pleural  cavity,  rabbit.     Autopsy  2  days  later. 

7.  Isolate  portion  of  jugular  vein  between  clamps,  2  dogs.  Aspirate  blood  through 
a  ligated  collateral,  wash  out  isolated  portion  with  distilled  water,  inject  2  per  cent  AgNOj 
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and  immediately  wash  out  with  XaCl  sohition,  ligate  puncture  wound,  release  clamps. 
Autopsies  1  and  2  days  later. 

Thursday.— 8.   Ligate  left  ureter,   rabbit,   cat,   puppy.     Autopsies  4  to   6  weeks   later. 

9.  Nephrectomy,  2  adult  dogs.  Weigh  and  measure  excised  organs,  preserve  in 
Kaiserling's   solution.     Heavy   meat   diet.      Autopsies   6   to   8  weeks    later. 

4th  Week 

Tl'ESd.w. — 10.  Ligate  adjacent  branches,  mesenteric  artery;  elastic  ligature  about 
loop  of  intestine;  experimental  intussusception;  2  dogs.     Autopsy  2  to  3  days  later. 

11.  Ligate  large  branch  of  renal  artery,  2  dogs.  Autopsies  1  week  and  4  to  6  weeks 
later. 

12.  Ligate  vena  cava,  immediately  below  liver,  2  rabbits.  Autopsies  4  to  6  weeks 
later. 

Thursday. — 13.  End-to-end  anastomosis,  intestine,  2  cats.  Autopsies  1  to  2  weeks 
and  4  to  8  weeks  later. 

14.  Lateral  anastomosis,  intestine,  2  dogs.     Autopsies   1   week  and  4  to  6  weeks  later. 

5th  Week 

Tuesday. — 15.  Experimental  fracture,  ribs,  2  rabbits.  Autopsies  2  weeks  and  4  to  6 
■weeks   later. 

16.  Bone  transplantation,   femur,  2  dogs.     Autopsies  2  and  4  to  6  weeks  later. 

Thursday. — 17.  Ligate  common  bile  (Uict,  2  dogs.  Autopsies  10  to  12  days  later. 
Examine  urine,   feces. 

18.  Heat  injury,   femur,  2  rabbits.     Autopsies  4  to  6  weeks  later. 

6th  Week 

Thursday. — 19.  Inject  2  small  rabbits  intravenously,  at  2  to  3  day  intervals,  3  to  5 
•doses,  5  c.c.  10  per  cent  India  ink  (in  NaCl  solution).     Autopsy  3  days  after  final  dose. 

20.  Introduce  rubber  cylinder  1  cm.  a  4  mm.  in  diameter,  into  large  bronchus,  2 
dogs.     Autops}'  2  to  3  weeks  later. 

7th  Week 

Thursday. — 21.  Three  per  cent  AgNO,  injury,  intestine,  liver,  2  cats.  Autopsies  1 
and  2  weeks  later. 

22.  Temporary  ligature,  renal  artery,  4  ral)l)its.  Remove  ligatures  at  end  of  2  hours, 

noting  immediate  physiologic  reactions.     Autopsies  1,  2,  4,  and  10  days  later. 

8th  Week 

TuKsnAV. — 2i.  0.1  c.c.  24  hr.  broth  S.  aureus.  inira\  cn<>usly,  2  ralilii;<;  1  c.c.  24  iir. 
broth  S.  aureus,  intrapleurally,  2  rabbits;  1  c.c.  24  lir.  brotli  .S'.  aureus  suIk  utaueously,  2 
rabbits.     .Vutopsies  2  to  4  days  later. 

24.  Introduce  10  to  20  c.c.  24  hr.  broth  ,S*.  pneuiuonuc,  by  intrabroncliial  iiisu'dlation, 
into  pulmonary  alveoli,  2  dogs.     Autopsies,  with  bactcriologic  study  ;   1  to  4  ilays  later. 

gth  Week 

25.  Tuberculosis  injections,  guinea  i)igs,  ralibits,  dogs,  2n(l  to  5th  week,  .\ulopsics 
■9th  week. 

Sui'ri.K.Mi'.NTAin    ( >i'i;HA'ri()\s 

During  tile  latter  iiall  of  lln-  Urm  ,iii  opporlunity  is  given  each  surgical  group  to  do 
two  or  more  voluntary  oi)crations.     Tln'   idllowing  are  among  the  operations  recommended: 

1.  End-to-side  anastomosis,  ur<lir.  2  dogs.     Autopsies  2  .-ind  4  weeks  hiter. 

2.  b",iid-to-cnd  anastomosis,  juguhir  vein,  2  liogs.  Autopsies  2-1  liours  and  2  weeks 
later. 

3.  Hemisection,  spinal  cord,  2  dogs.     .Xulopsics  1   and  2  weeks  l.itir. 

4.  Excise  portion   of  cerebral  cortex,  2  dogs.     .Xutoiisies   1   and  2   weeks   later. 

5.  End-to-end  .inastomosis,  sciatic  nerve,  2  dogs.     .\iito|)sies  2  and  4  weeks  later. 
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6.  Experimental  fracture,  humerus,  2  dogs.  Use  steel  bone  plate.  Autopsies  2  and 
4  weeks  later. 

7.  Ligation  of  pancreatic  duct,  2  dogs.     Autopsies  2   and  4  weeks   later. 

8.  Experimental  pyloric  stenosis  with  gastroenterostomy,  2  dogs.  Autopsies  2  and 
4  weeks  later. 

9.  Bilateral  adrenalectomy,  1  dog;  bilateral  adrenalectomy  with  transplantation  of 
excised  adrenals  into  kidne}-,   1   dog.     Autopsy  of  living  animal  2  to  4  weeks  later. 

10.  Eck  fistula,  2  young  dogs.     Autopsies  2  to   4  weeks   later. 

The  equipment  for  the  experimental  work  consists  of  a  series  of  small 
operating  rooms,  with  adjacent  autopsy  room,  sterilizing  room,  preparation  room, 
animal  rooms,  dog  kennels,  etc.  The  cost  of  the  experimental  work  is  about  $10 
a  student,  the  students  working  in  groups  of  four.  The  groups  are  divided  into 
subgroups  of  two  for  operations  on  smaller  animals.  It  is  our  custom  to  charge 
an  extra  fee  for  the  experimental  work,  sufficient  to  cover  half  the  cost  of 
animals,  feed,  and  other  materials  used. 

The  experimental  course  has  been  favorably  received  by  our  inedical  stu- 
dents. The  course  gives  a  more  vivid  conception  of  elementary  pathologic  proc- 
esses than  that  obtained  from  the  usual  introductory  study  of  human  autopsv 
material.  It  is  our  plan  to  expand  the  course  next  year  to  include  certain  intro- 
ductory exercises  in  pathologic  physiology. 

No  objection  to  this  work  has  been  made  by  local  anti-vivisectionists.*  In 
fact,  one  gains  the  impression  that  the  general  introduction  of  such  operative 
courses  in  our  medical  schools  would  be  an  efficient  way  to  meet  the  present 
anti-vivisection  movement. 


'See  this  Journal,  1917,  ii,  573. 
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EDITORIALS 


Pulmonarij  Tuberculosis 

THROUGH  the  centuries  the  hacillus  of  tuherculosis  lia.s  estabhshed  a  mode 
of  access  to  and  egress  from  the  human  lungs. 

From  tlie  species  point  of  view — the  desire  for  a  "[ihicc  in  ihc  sun" — 
the  tubercle  bacillus  must  found  new  colonies  from  which  again  it  can  pre- 
pare new  campaigns. 

This  bacillus,  as  'Hicobald  Smith  jioinls  ont.  is  "luncd  up"  for  the  adult 
lung  and  in  conseciuence  it  i>  in  adult  life  that  we  see  best  the  achievements 
of  its  militarism!  Destruction  of  the  coloni/ed  host  woidd  seem  an  accident 
in  the  life  historv  of  this  parasite,  the  bacillus  (U-siring  domin.ition  by  its 
"kultur"   and   not    death. 

Light  is  being  shed  on  thi'  manner  in  which  the  aini>  of  the  tubercle 
bacillus   are   achieved. 

The  average  death  rate  lo(l;i\-  from  puhiiou.ny  tuberculosis  is  api»r<)aching 
fift\'  years  and  as  man\-  are  \ictims  bi-twcen  sixty  li\t>  and  se\c-my  live  years 
as  between  twenty  and  twenty-five  years. 
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Dating  from  childhood  infection  it  would  then  appear  that  the  bacilli 
may  operate  at  times  for  fifty  years  before  the  host  is  destroyed. 

Opie^  has  indicated  that  the  lungs  of  almost  every  adult  contain  foci  of 
tubercle  which  are  characteristic  of  the  infection  of  childhood.  These  focal 
infections  originate  usually  between  the  ages  of  ten  and  eighteen,  and  in 
adults  are  almost  always  found  to  be  calcified  and  healed.  Between  eighteen 
and  thirty  some  85  per  cent  of  autopsies  have  revealed   focal  tubercle. 

It  is  argued  that  apical  tuberculosis  and  fatal  pulmonary  tuberculosis  are 
common   in   later   life   when    focal   childhood    infections   are   considered   healed. 

Autopsy  studies  are  related  to  show  that  the  incidence  of  encapsulated 
and  of  healed  lesions  in  the  apices  increases  with  increasing  age  but  that 
there  is  no  similar  increase  of  active  tuberculosis. 

The  situation  is  compared  by  Opie  to  that  of  the  early  guinea  pig  experi- 
ments of  Koch  in  which  lymph  nodes  adjacent  to  the  site  of  a  second  inocula- 
tion of  a  tuberculous  animal  are   found  to  be  free  from  caseation. 

Many  of  the  apical  lesions  are  found  to  be  fresh  and  caseous  but  the 
regional  lymph  nodes  are  not  caseated. 

Additional  support  is  given  by  reference  to  the  lesions  in  monkeys  and 
in  miliary  tuberculosis  when  caseation  of  lymph  nodes  is  found  similar  to 
those  adjacent  to  the  site  of  Koch's  initial  injection  of  bacilli,  but  no  early 
healed  infection  is  discovered. 

Focal  lesions  of  childhood  also  can  be  found  in  one  lung  whereas  the 
apical  lesion  may  be  in  the  opposite  lung. 

Opie  suggests  that  such  a  relationship  afifords  no  support  to  the  view 
that  tuberculous  lesions  may  be  transmitted  to  the  apex  by  the  lymphatics. 
His  arguments  and  demonstrations  suggest  that  the  apical  and  fatal  forms  of 
tuberculosis  of  the  adult  may  possibly  be  a  secondary  infection  from  without. 
They  fail  to  reveal,  however,  why  these  infections  should  almost  invariably  be 
apical.  The  clinical  and  pathologic  teachings  current  today  are'  exceedingly 
well  presented  in  an  article  by  Bushnell.- 

From  a  hilus  infection,  the  origin  of  which  is  not  discussed,  the  tuber- 
cle bacillus  is  described  as  travelling  by  the  peribronchial  lymph  spaces,  in  a 
direction  opposite  to  that  of  the  normal  l}mph  flow,  to  a  region  in  the  up- 
per lobes  where  the  hmph  motion  is  most  sluggish. 

As  Opie  grants  it  is  conceivable  that  such  progress  might  be  aided  by 
a  reversal  of  the  lymph  current  and  such  a  reversal  might  very  w^ell  occur  as 
a  result  of  a  block  at  the  hilus. 

The  tubercle  bacillus  travelling  by  these  spaces  to  the  parenchyma  is 
resisted  by  the  tissue  cells  and  the  type  of  peribronchial  tuberculosis  results. 
Caseation  through  the  bronchus  may  occur  although  peribronchial  tubercu- 
losis is  more  often  of  the  "closed"  type  as  is  evidenced  clinically  by  the  less 
frequent  finding  of  the  bacilli  in  the  sputum  and  the  rarer  occurrence  of  hemor- 
rhage in  such  cases   (Heise  and  Sampson'^). 

Having  reached  the  alveoli  either  encapsulation,  caseation  or  cavitv  for- 
mation may  proceed.     By  the  latter  the  bacilli   have   achieved   par  excellence 
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their  destiii}-  as  now  by  myriads  they  may  be  expectorated  and  thence  find  new- 
colonies. 

Occasionally  we  observe  an  aberrant  method  of  escape  from  the  chest. 
Tuberculosis  of  the  sternum  and  of  the  ribs  has  in  recent  years  been  traced  to 
prior  pleural  or  mediastinum  sources  (Robinson*). 

Another  example  of  bacteria  using  the  lymph  channels  to  reach  the  periph- 
ery is  pictured  in  the  report  of  McCaUum^  on  the  patholog}'  of  broncho- 
pneumonia. It  is  demonstrated  that  the  streptococcus  hemolvticus  reaches 
the  pleura  by  the  lymph  spaces  in  the  walls  of  the  bronchi,  blood  vessels  and 
septa. 

With  or  possibly  without  the  formation  of  peribronchial  tubercles  it  is 
conceivable  then  that  tubercle  bacilli  can  reach  the  subpleural  lymph  trunks 
or  network,  and  latent  bacilli  in  this  region  could  originate  the  tuberculous 
pleurisies. 

It  is  not  uncommon,  as  depicted  so  beautifully  by  Letulle^'  to  find  on 
microscopic  examination  subpleural  lines  of  tubercle. 

Letulle's  exquisite  plates  also  show  well  the  spread  of  the  peribronchial 
tubercles  to  the  parenchyma  and  also  to  llic  interior  of  the  bronchus  bv  destruc- 
tion of  the  wall. 

The  analogy  with  the  streptococcus  hemolvticus.  the  careful  studv  of 
pathologic  specimens,  combined  with  the  knowledge  gained  bv  x-rav  inter- 
pretations, suggest  therefore  that  the  conception  of  ])ulmonarv  tuberculosis 
so  well  presented  by  Bushnell  will  probably  prove  correct.  More  minute 
pathologic  study  may  trace  the  fatal  ajMcal  tuberculosis  of  adults  to  the  focal 
infections  of  childhood. 
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Cigarette  Smokers  and  PuJinoiKirii  Tiihcrciilosis 

IT  was  obser\cd  during  the  e\aniin;ili(Mi  nl  ccii.iin  niilitaix  cnmnKind>  tor 
tuberculosis  that  some  .^0  |H-r  cent  (if  ilu'  men  di.schargi-d  on  account  of  this 
disease  were  men  who  did  not  inhale  tobacco  Mnokc.  Among  tliost-  who  inhaled 
the  smoke  from  cigarctlcs  and  who  h.id  no  disease  WClili'  recorded  t'\  idenccs 
of  indelerniinale  or  -ibilant   r;i]es  suggestive  ot   iironchilis. 

I\rau>e-  in  an  interesting  discussion  of  ihis  p.iper  dwell-  on  the  (lucsiion  of 
tissue  irritation  and  reaction  and  its  relation  to  intection.  lie  suggests  lliat  an 
area  of   inllammalion   is   proj/ably   ijot   a   lorits   iii'nioris  rcsistcut'uu-   but    r;ithi-r   ;t 


'WchI).    C.    I!.:      Mil.    Surgeon,    .Spril.    I'MS. 

-Kiausc,    .\.    K.  :      .\'ii.    Rev.    TuiuTciildsi'-,    April,    I'MS. 
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point  of  heightened  resistance  to  fresh  infection.  A  tissue  in  a  state  of  re- 
action Hke  a  varicose  ulcer  is  not  usually  the  seat  for  an  erysipelas,  but  rather 
a  skin  in  normal  condition  would  appear  more  vulnerable. 

There  is,  however,  an  additional  immunological  principle  to  be  considered 
and  that  is  the  matter  of  lymph  flow  and  stasis. 

Lymph  stasis  favors  as  we  know  the  deposit  of  tubercle. 

In  the  examinations  above  referred  to  it  was  noted  that  more  moisture 
could  be  detected  in  the  normal  chests  of  those  who  were  excessive  cigarette 
smokers  (fifteen  to  forty  cigarettes  a  day)  than  in  the  moderate  inhalers. 

\\'ebb  pointed  out  the  presence  at  times  of  coarse  mucous  rales  in  the  lungs 
of  excessive  inhalers,  and  also  the  quiet  vesicular  breathing,  a  further  evidence 
of  wet  bronchi. 

It  is  suggestive  therefore  that  through  the  slight  persistent  irritation  of 
the  inhalation  of  cigarette  smoke  a  slight  tissue  inflammation  and  reaction  is 
set  up  and  an  increased  lymph  flow  is  stimulated. 

We  are  today  considering  the  probability  that  tubercle  spreads  from 
the  hilus  through  and  along  the  peribronchial  lymph  channels  to  reach  the 
periphery,  and  that  on  account  of  the  sluggish  lymph  movement  in  the  apices 
here  are  found  the  classical  processes. 

It  is  quite  logical  to  consider  therefore  that  the  above  discussed  processes 
of  tissue  irritation  and  increased  lymph  flow  might  aid  in  resisting  the  projects 
of  the  tubercle  .bacillus. 

Could  such  a  thought  be  considered  a  therapeutic  "lead"  what  a  pros- 
pective joyful  type  of  treatment  to  many! 

That  so  marked  a  proportion  of  those  with  pulmonary  tuberculosis  exists 
among  the  soldiers  who  do  not  inhale  tobacco  smoke  these  days,  suggests  as 
Osier  remarked  in  another  connection  "Is  there  something  wrong  with  the 
blastoderm  ?" 

O.  M.  Gilbert's  observation  that  cigar  and  pipe  smokers  would  appear  to 
sufi^er  -  more  from  the  absorption  of  nicotine  than  do  the  cigarette  devotees, 
must  also  be  kept  in  mind  when  considering  the  eft'ects  of  tobacco.  It  might 
be  shown  that  such  absorption  could  lend  aid  to  the  development  of  tubercle, 
and  it  will  require  much  study  and  many  figures  to  determine  such  a  question. 

—G.  B.  W. 


ERRATA 

In  the  article  "Tolerance  and  Immunity,"  by  John  L.  Marchand,  M.D., 
Prinsapolka,  Nicaragua,  C.  A.,  in  the  July,  1918,  issue  of  the  Journal,  read  as 
follows : 

Page  585,  first  word,  second  line,  read  staphylococci  instead  of  streptococci. 

Page  589,  ninth  word,  twelfth  line,  read  staphylo protein  instead  of  strepto- 
protein. 
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Convulsions,  719 

Coronary  lesions,  three  cases  illustrating 
consequences  of,  192 

Cotton  as  ear  protector,  221 
plugs   as  ear  protectors,   results   of  tests 
on,   342 

Creatinine,  table  for  use  in  blood  analvsis, 
550 

Crippled  soldier,  duty  of  the  employer  in 
the   reconstruction   of   the,   630 

Culture  methods  for  isolation  of  B.  tuber- 
culosis, 207 

Cultures,  method  of  making,  from  scarlet 
fever  cases,  270 

Cystic  kidney,  congenital,  in  which  a  tuber- 
culous process  was  superimposed, 
55 


D 


Deafness,  war,  and  its  prevention,  338 
Death  in  the  army,  causes  of,  645 
Death    rates   in    National    (^luard    and    Na- 
tional Army,  664 
Detoxication,   method   of,   574 
Device   for  accurate  pipetting,   130 
Device    for   the   determination    of   time   of 
muscular   contraction    and    relaxa- 
tion, 553 
Devices    for   the   prevention   of   war   deaf- 
ness, 226 
for    prevention    of    war    deafness,    tests 
u])on,  340 
l)ia!)etes  and   sugar   metabolism,  319 
Diagnosis  of  tuberculosis,  early,  l>y  use  of 

x-rayed  guinea  pig,  175 
Diagnostic    signs,    Hoover's,    elicited    from 

the  movements  of  tlie  rilis,  497 
Dialyzing    apparatus     not     reijuiriiig    aiiti- 

coagulanls,  }tli 
DichlorelhyNulphide,  action   of.   on    human 
skin,  45() 
liatiii'logy    of    ^kin    lesiiin>i    i)roduii(l    b> , 
447 
Diet,    blond    liioiesierul    ;uid    the    iMuplioiil 
defense,      experiments     concerning 
the  relation  of,  141 
elTecl  of.  on  (lie  clKiiestero!  content   ami 
the  cytology  of  tlie  blood,   14() 
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Diphtlieria  in  arnij-   camps,   674 
toxin,  studies  on,  358 

Digestion,  influence  of,  on  the  blood   cho- 
lesterol, 145 

Diphtheroid  organism  found  in  scarlet   fe- 
ver cases,  270 
morphology  of,  271 
organisms,  cultural  characteristics  of,  272 

Diplococcus,   gram-positive,   microorganism 
isolated   in   rheumatism,   511 

Disease  in  the  armv,  analysis  of  causes  of, 
679 

Disordered  action  of  the  heart  among  sol- 
diers, 134 

Douching    agents,    gynecologic,    germicidal 
value  of,  199 

Douglas  bag,  423 

Drug,  influence  of,  in  diminishing  content 
of  epinephrin  in  adrenals,  216 


Egg  albumen,  response  in  animal  sensitized 

to,  391,  392,  394 
Elective  affinity  of  streptococci,   741 
Elliott  "Perfect  Ear  Protector,"  227 
Swimmer,  results  of  tests  in,  341 
Emetine,  double  tungstates  of,  189 
Employer,  duty  of,  in  reconstruction  of  the 

crippled  soldier,  630 
Energy  function  of  adrenal  glands,  217 
Enzymatic  reactions,  colloid-chemical  mim- 
icry of,  373 
Epidemic    bronchitis    at    Fort    Oglethorpe, 
567 
in  army  camps,  675 
disease  in  National  Guard  and   National 

Army  camps,  649 
meningitis  and  its  treatment,  564 
of  influenzal  disease  at  Fort  Oglethorpe, 

561 
sore  throat,  streptococci  in,  12)1 
Epilepsy,  coagulation  of  the  blood  in,  277 
Epinephrin  in  blood,  a  means  of  detecting, 
210 
liberation   of,    from   the   adrenal   glands, 
209 
Etiology  of  arteriosclerosis,   115 
Experimental    pathology,    introductory   ex- 
ercises in,  761 
Exposure   to   severe   weather    as   cause   of 

disease   in    army    camps,   681 
Eye  lesions  produced  by  mustard  gas,  449 


Fatigue  as  cause  of  disease  in  armv  camps, 

684 
Fehling's  sugar  test,  colloidal  chemistrv  of, 

368 
Food,   cholesterol  content   of,    144 
Fort    Oglethorpe,    epidemic    bronchitis    at, 

567 
influenzal  disease  at,  560 


Friedlander  group,  348 

Fumigation  for  destruction  of  clothes  louse, 

266 
Functional  heart  tests,  436 


Gangrene,  symmetrical  peripheral,  352 
autopsy  findings  in,  353 

Gas    analysis,    simplified,    622 

Germany,  our  former  teachers  in,  205 

Germicidal  value  of  common  gynecologic 
douching   agents,    199 

Glucose,  rapid  colorimetric  method  of  es- 
timating in  urine,  289 

Glycogen,  discovery  of,  321 

Glvcuronates  in  the  urine,  a  simple  test 
for,  300 

Goiter,  age  in  relation  to,  45 

prevalent  in  certain   localities,  46 
prophylactic  treatment  of,  42 
sex  in  relation  to,  42 
simple,  prevention  of,  in  man,  41 

Gonococcal  arthritis,  antibodies  in,  after  the 
intravenous  injection  of  specific 
and  nonspecific  protein,  11 

Gonococci,  chemical-fastness  of,  491 
silver-fastness  of,  487 

Gonococcidal  action  of  protein  silver  solu- 
tion in  vitro,  487 

Goldberger's  studies  of  pellagra,  306 

Graphic  records  of  movements  of  certain 
internal  organs,  method  for  mak- 
ing, 63 

Guns  used  in  tests  on  devices  for  preven- 
tion of  deafness,  339 

Gynecologic  douching  agents,  germicidal 
value  of,   199 

H 

Hanging-drop  arrangement,  246 
Heart,  disordered  action  of  the,  among  sol- 
diers,  134 
tests,  functional,  436 
Hemolysin,  121 

Hemolysis  by  freezing  and  thawing,  88 
by   hypertonic   solutions,   88 
mechanism    of,    associated    with    loss    of 
water,  and  the  bearing  of  the  phe- 
nomenon on  certain  biologic  prob- 
lems, 87 
Hemolytic   index,   119 

properties   in   pregnant   urine,   405 
streptococci     in    diseases    involving    the 
throat  and  respiratory  tract,  731 
Hemophilia,    coagulation   of   the   blood   in, 

275 
Hemorrhagic  purpura,  coagulation  of  blood 

in,  278 
H-ion     concentration     and     toxicogenicity 
changes    during    growth    of    Bact. 
diphtherige   in  bouillon,   364 
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Haldane  gas  analysis  apparatus,  424 
Holman's  classification  of  streptococci,  727 
Hookworm  infection  lessens  resistance   of 

men   in   southern   camps,   256 
Hoover's  diagnostic  signs  elicited  from  the 

movements  of  the  ribs,  497 
Hydrogen-ion  concentration  and  toxicogen- 

icity     determinations     with     Bact. 

diphtherise,  358 


I 


Immunity  and  tolerance,   572 
in    streptoccoccus    infections,    744 
in  tuberculosis,  383 
mechanism  of,  573 
reactions,  classification  of  the  streptococci 

on  the  basis  of,  728 
studies  on,  with  reference  to  complement 

fixation,  396 
to  scarlet  fever,  skin  test  which  may  in- 
dicate, 525 
Importation  of  mildh'  sick  men  from  other 
camps  as  cause  of  diseases  in  army 
camps,  687 
Impregnation     of     underwear     to     control 

clothes  louse,  265 
Inadequate    hospital    care    of    patients    as 
cause    of    disease   in   army   camps, 
690 
Inadequate  housing  as  cause  of  disease  in 

army  camps,  684 
Infarction  of   spleen,  massive,  519 

of  papillary  muscle,   195 
Infectious  agents  causing  meningitis,  36 

meningitis,  22 
Influenza  in  army  camps,  676 

leucocytes  in  an  epidemic  of,  758 
Influenzal   disease   at   Fort   Oglethorpe,   an 

explosive  epidemic  of,  560 
Insufficient  clothing  as  cause  of  disease  in 

army  camps,  683 
Internal  organs,  method  for  making  graphic 

records  of  movements  of,  63 
Interstitial  tonsillitis,  chronic,  284 
Intestine,  action  of  eserine  on,  67 
Intravenous  use  of  reel  mei-curic  iodide,  412 

J 

Jaundice,  cuasnilatiin  <>f  blood  in,  278 


Laboratory  efficiency,  aids   to,  241 
technicians,  demand  for,  and  Ir.iiniiig  of, 

493 
Lacunal   tonsillilis,   chronic,  2S4 
Lesions  of   the   respiratory   tract    produced 

by  mustard  gas,  449 
Leucocytes    in    an    epidemic    of    inllueiiza, 

study  of  tlic,  758 


Lipoids  concerned  in  growth,  480 
Louse,  clothes,  methods  of  control  of,  261 
powders,  263 

composition  of,  264 
Lung,  contraction  of,  following  vagus  stim- 
ulation, 346,  347 
dilatation  of,    produced    by    sympathetic 
stimulation,  346,  347 
Lymphocyte  elements  and  tuberculosis,  385 
Lymphocytes  and  cancer,  139 
Lymphocytosis  in  syphilis,  398 

in  tuberculosis,  398 
Lymphoid  defense,  diet,  and  blood  choles- 
terol,  experiments   concerning   the 
relation  of,   141 
Lysin  curve  after  intravenous  injection  of 
killed  gonococci,  13 

M 

Mallock- Armstrong   Ear  Defender,   results 
of  tests  on,  341 
Ear  Protector,  227 
Massive  infarction  of  spleen,  519 
Mastic  test   for  diagnosis  of  cerebrospinal 

syphilis,  376 
McLean's    index    of    urea    excretion    and 

blood  urea  nitrogen  content,  536 
Measles  and  pneumonia  in  our  camps,  248 
in  army  camps,  662 
streptococci  in,  735 
Measurement  of  the  spinal  puncture  needle, 

127 
Medical  service  corps,  381 
Meningitis,  age,   sex,  and  race  in,  il 
and   pneumonia,   602 
at  Camp  Greene,  409 
epidemic,    and   its   treatment,    564 
in  army  camps,  608,  666 
infectious,  iZ 

agents   and   routes   of   entrance,  36 
signs  and  symptoms  of,  38 
transmission  of,  602 
Mercuric   chloride   jioisoning,   calcium    sul- 
phide in  treatment  of,  110 
.Metabolism,  definition  of,  320 
Microscopic    a|>|H'arances    of    skin    K-^ious 
after   ai)i)lication   of    nuislard    gas, 
461 
jiatiiology  of  animal  lesions  i)roduced  by 

mustard  gas,  471 
shelf.  244 
Middle   ear   parts,   observations   on   tiie,   in 
tests  on  ear  protecting  devices,  231 
Mib(ar\  antituberoilosis  program  perfectecl, 

'  314 
Miirlality   in   army  and  civil   lil'e,  ()3<» 
Mosenlliars  special  two-hour  renal  text,  533 
Mounting,  simple  for  carbon  dioxide  appar- 
atus «if  \'an  Slyke,  537 
Muscular    contraction    ami    relaxation,    de- 
vice for  determining  time  of,  553 
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Mustard    gas,    experimental    production    of 
lesions  with,  451 
ej'e  lesions  produced  by,  449 
patliologv  of  skin  lesions  produced  bv, 

447  " 
prevention   of   skin   lesion   after   appli- 
cation of,  468 
Alutation  in  streptococci,  729 
Mvelogcnous  leucemia,  coagulation  of  blood 

in,  279 
Myocardial  fatty  degeneration,  195 

N 

Xaphtbalcne.  evaporation  of,  from  jars 
closed  with  different  kind  of  cloth, 
262 

National   Armv,  communicable  diseases  in, 
635 
Guard,  communicable  diseases  in,  635 
death   rates  in,   664 

Natural  susceptibility  to  disease  in  army 
camps,  692 

Needle,  measurement  of  the  spinal  punc- 
ture, 127 

Nephritis,  cases  of,  28 

Nervous  mechanism  in  thvroid  secretion, 
380 

Neutrophils  in  the  blood  in  various  con- 
ditions,  163-171 

Nonprotein  nitrogen,  table  for  use  in  blood 
analysis,  549 

Nonspecific  protein  medication,  574 

Novocaine  and  procaine  identical.  569 

O 

Oils,   use   of,   in   control   of   clothes   louse, 

265 
Opsonin  curve   after  intravenous  injection 

of  killed  gonococci,  13 
Ophthalmoscopic     examination,     in     renal 

tests,  533 
Organisms  found  in  blood  of  scarlet  fever 

patients,  269 
Overcrowded  quarters,  as  cause  of  disease' 

in  army  camps,  689 
Ozena,   bacteriologic   findings   in,   348 


Paradichlorbenzene,    evaporation    of,    from 
jars  closed  with  different  kinds  of 
cloth,  262 
Paratvphoid   and    tviiboid   in    armv   camps, 
672 
in  nonvaccinated   individuals,   8 
in  previously  vaccinated  cases,  6 
Parenteral  introduction  of  protein,  575 
Parietal   aortic   thrombosis,    539 
Passive  immunization  by  antisera  in  strep- 
tococcus infections,  747 


Pathogenicity  of  polymorphic  organism  for 

animals,  274 
Pathology      and      bacteriology,      combined 
teaching  of,  in   small  medical  col- 
leges, 416 
experimental    introductorv    exercises    in, 
761 
Pediculus  humanus,  methods  of  control  of, 
261 
vestimenti,  methods  of  control  of,  261 
Pellagra,  Goldberger's  studies  of,  306 
Peptone,   an  investigation   of  the   chemical 
composition     and     biologic     avail- 
ability of,  75 
analysis  of,  76,  82 

free  media  for  routine  culture  work,  299 
hypoglycemia,  335 
properties  of  samples,  79 
reactions  of  samples  of,  80 
relation  of,  to  biologic  reactions,  614 
selection    of,     for    production    of    diph- 
theria toxin,  614 
Peptones,  American,  614 
Perez  group,  348 

Peripheral  gangrene,  symmetrical,  352 
Peritonsillitis,   chronic,  285 
Pharmacology  of  chelonian  lungs,  3-14 
Phenolsulphonephthalein  test,  535 
Physiology  of  chelonian  lungs,  344 

of   the    adrenals,    further    researches    on 
the,  441 
Pigment   solutions,   color   reactions   in,    100 
Pipette   rack,   243 

Pipetting,   device   for   accurate,   130 
Pneumococcus    grouping,    a    substitute    for 

white  mice  in,  434 
Pneumonia   a  menace   in   the   army  camps, 
608 
and   measles   in   our   camps,   249 
and  meningitis,  602 

and    other    respiratory    diseases,    protec- 
tion against  in  army  camps,  660 
complicated  by  measles,  606 
in  the  army  camp,  649 
susceptibility  of  men  in   different  camps 
and  experiences  of  the  Civil  War 
in  this  connection,  655 
types  of,  603 

virulence  of  infecting  organisms  causing, 

653 

Poisonous  gases,  use  of,  in  present  war,  70 

Poliomyelitis,  anterior,  streptococci  in,  743 

Polychromatic  toluidin-blue  stain,  a  highly 

differentiating,  432 
Polymorphic  organism  in  scarlet  fever,  272 
morphologic   and    staining   characteris- 
tics, 273 
Potassium    silicotungstate,    preparation    of, 

180 
Powders,  louse,  263 
composition  of,  264 


SUBJECT    INDEX 


781 


Prevention   of   simple   goiter  in   man,  40 
Preventives  of  war  deafness,  226 
Procaine  and  novocaine  identical,  569 
Protein,   action   produced   by   injection   of, 
into   sensitized   dog,   388,   390 
antibodies    in    gonococcal   artbritis   after 
tbe    intravenous    injection    of   spe- 
cific and   nonspecific,    11 
cleavage,  578 

medication,  nonspecific,  575 
poison  in  immunology,  571 
poison  not  specific,  600 
sensitization  and  bacterial  immunity  iden- 
tical, 600 
theory  of,  573 
silver    solution,    gonococcidal    action    of, 

487 
toxicity  of,   575 
Prothrombin  test,  technic  of,  280 
Pulmonary  tuberculosis,  767 

and  cigarette  smokers,  769 
Pump  for  removing  and  analyzing  the  blood 
gases,  622 

Q 

•Quinine  silicotungstate,   190 

R 

Pacial  influence  on  cause  of  disease  in 
arm}'  camps,  692 

jReconstruction  of  the  crippled  soldier,  duty 
of  the  employer  in,  630 

Red   mercuric   iodide,   intravenous   use   of, 
412 
toxicity  of,  413 

Renal  efiiciency,  outline  for  a  complete  ex- 
amination of,  532 
function  tests  for  general  use,  531 

Respiratory  diseases  in  army  camps,   sum- 
mary of  causes  of,  699 
exchange   in  man,   a  clinical   method    for 
determining,  420 

Responsibility  of  the  vaccinator  in  over- 
coming the  rational  objections  to 
smallpox  vaccination,  220 

Rheumatic  fever  group,  strci)tococcus  viri- 
dans  in  connection  with,  740 

KlKumatism,  bacteriologic  investigation   in, 
511 
caused  by  a  microorganism,  510 
researches  in,  509 

lioot-fiUed  teeth,  an  cxpcrimeiilal  study  of, 
202 


Sachets,  destruction  of  louse  bv  means  of, 

261 
Scarlatin,  526 
Scarlatin  tests,  528 


Scarlet  fever,  etiology  of,  269,  525 
in   army   camps,   668 
large  polymorphic  organism  in,  211 
streptococci  in,  734 
Scientific    ear    drum    protector    "Tommy", 
226 
results  of  tests  on,  341 
Sensitization  a  specific  phenomenon,   573 
Serum  pipetics,  246 
Serum    veal    agar    a    dependable    substitute 

for  ascitic  or  blood  agar,  295 
Sexual  maturity,  thymus  in  relation  to,  48 
Shock  and  acapnia,  442 
at  the  front,  investigations  of,  503 
influence   of,   on   secretion  of   epinephrin 

from    adrenals,   217 
low  blood  pressure  in,  505 
Sickness  in  the  army,  648 
Silver-tastness   of  gonococci,  487 
Silver  solution,  effect  of  age  of,  489 
effect  of  exposure  of,  to  light,  489 
effect  of  heat  on,  490 
Simplified    gas    analysis,    622 
Sipiion  bottles,  242 

Skin  lesions  produced  by  mustard  gas 
(dichlorethylsulphide) ,  pathology 
of,  447 
produced  by  mustard  gas,  illustrated 
through  the  varitnis  stages,  454. 
478 
Skin  test  which  may  indicate  immunity   to 

scarlet  fever,  525 
Smallpox,   streptococci  in,   lil 

vaccination,    responsibility    of    vaccinator 
in  overcoming   the   rational    objec- 
tions to,  220 
Sodium  iodide  in  prophylactic  treatment  ^^\ 

simple   goiter,   42 
Soxhiet  extractor,  modifications  of,  202 
Spinal    puncture    needle,    measurement    oi, 

127 
Spleen,  massive  infarction  of,  519 
Staphyloprotein,   results   of   tests   with,   582 
Stock  cultures  of  strei)tococci,  621 
Streptococci,  classification  of.  on   the  basi- 
of   fermentation  of  sugar,  !!:> 
on    the    hasis    of    immuiiily    reaction-. 

728 
on   the   hasis  of  production   of   a  hem- 
otoxin   (hemolysin),  722 
elective   affinity   of.    "41 
lu'iiuilytic,   from  throat-,  -pul.i,  and  patli- 
olo;.'ic    exudates,    recommendation- 
of    the    commilteo    on    a    standard 
routine    method     for    the    isolation 
and  identification  of,  f)18 
in     diseases     involving     the     throat     and 

respir.itory  tract,  731 
IlKliiian's  classification  of,  727 
in  anterior  iioliomyelitis,  743 
in   |ironclio|>neiinionia,   73() 
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Streptococci — Cont'd 

in  epidemic  sore  throat,  lil 

in  measles,  735 

in  scarlet  fever,   734 

in    smallpox,   735 

microorganism  of  rheumatism  resembles, 
511 

mutations  in,  729 
Streptococcus  infection,  aspects  of,  721 

infections,  chemotherapy,   751 

immunity  in,  744 

passive  immunization  by  antisera  in,  747 

preventing  and  curing,  746 

longus,   723 

mucosus,  12Z 

viridans,  12Z 

in    connection     with     rheumatic     fever 
group,   740 
Streptoprotein,  results  of  tests  w^ith,  582 
Strychnine  phosphotungstate,  187 

silicotungstate,   188 
Substitutes  for  blood  in  transfusion,  629 
Sugar,    blood,    conditions    reducing,    334 

classification  of  streptococci  on  the  basis 
of  fermentation  of,  725 

definition  of,  320 

in  blood,  table   for,  551 

metabolism  and  diabetes,  319 
Symmetrical  peripheral  gangrene,  352 
Syphilis,  cerebrospinal,  mastic  test   for  the 
diagnosis  of,  Zld 

of  the  tonsil,  286 


Tables  for  use  in  blood  analysis,  548 
Teachers  in  Germany,  our  former,  205 
Teaching,  combined,  of  pathology  and  bac- 
teriology, 416 
Technicians,   laboratory,   denicmd    for,    and 

training  of,  493 
Teeth,    root-filled,    an    experimental    studv 

of.  203 
Test: 

complement-fixation,  59 
complement-fixation,  in  tuberculosis,  with 

Besredka's  antigen,  50 
Moscnthal's  special  two-hour  renal,  533 
phenolsulphonephthalein,  535 
renal   function,  531 
therapeutic,  537 
Vv'asscrmann,  61.   118 
Testing    devices    for     prevention     of     war 

deafness,  339 
Testing  ear  protecting  devices,  method  of, 

227 
Tethelin,    clinical    observations    on    the    ac- 
tion of.  480 
Therapeutic  test,  537 

Throat    and    respiratory    tract,    hemolytic 
streptococci    in    diseases    involving 
the,  731 
Tlirombosis,  parietal  aortic,  539 


Thymus,  relation  of,  to  sexual  maturity,  48 

transplantation  of  in  rabbits,  48 
Thyroid  examinations  for  goiter,  43 
Thyroid   secretion,   nervous   mechanism   in, 

380 
Tissot   spirometer,  423 
Tolerance  and  immunity.  572 
Tonsil  infections,  chronic,  283 
Tonsillitis,   chronic  interstitial,  248 

chronic  lacunar,  284 
Toxemias  of  pregnancv,  blood  ammonia  in, 

22 
Toxic  vaccines.  577 
Toxicity  of  double  tungstates,  181 

of  protein,  575 

of  red  mercuric  iodide,  413 
Toxicogenicity    determinations    with    Bact» 

diphtheriae,  358 
Toxin,  diphtheriae,  studies  on,  358 
Transfusion,  substitutes  for  blood  in,  629 
Tuberculoprotein,  results  of  tests  with,  582 
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